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THERMAL DECOMPOSITION APPARATUS FOR WASTES 


CAL FIELD/ 



y n ^4.//y FEB 22001 

The present invention relatesyjto thermal decomposition apparatEiQ IT'Qq 
for thermally decomposing various wastes which contain general wastes 
including po^mer^nes^f resins, industrial wastes, infectious medical 
wastes, and chemical substances such as PCB&and waste oils without 
producing^anyjgas containing harmful substances. 
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BACKGROUND ]ARt] of^tiB f/J\/Z fJl')o/J 

In the current society, an enormous amount of wastes are 
discharged daily and their disposal is a great problem. The wastes 
include -various kinds /of wastesTsuch as general, industrial and medicafs 
15 £pnes^ Most of thegatare processed by burning or/bur>diig themj which has 
several problems. j 

The^^iaximumjproblem with the burning process is^hat^harmful 
substances^are produced by burning the waste^. In the burning process, 
the wastes are burn$^with^ed^air. Thus, harmful substances such as^bot^ 
dust, carbon ^dioxide? and nitrogen compound such as NOx are produced Q O 

A ^ x rn 

and discharged with other exhaust gas. Since the burning temperatures ^ 
at about 700*800 °C, harmful dioxin^would be necessarily produced^iorgor — 
les^ ; and hence exhaust gas and ashes containing dioxin^would b&Jcur€, ^ 
produced. 

The harmful substance content of the exhaust gas is regulated 
(global!^ EspeciaUy^dioxir^as^very high toxicit^hich]adversely affects 
£th3> human bodies for a long time^and its discharge is strictly regulated. 
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In order to prevent production of dioxin, the following measures OM #4MjJ?£/'jj? 
^iave been taken mainl^* 

(1) The wastes which produce no dioxin are segregated from the 
ones which produce dioxin, and only the ones which produce no dioxin are 

5 bur * is a*** 

(2) A device^for removing dioxin contained in the exhaust gas 
discharged from an incinerators attached to an incinerator! £ndj 

(3) An incinerator which burns wastes at^suchja high temperature fcc^kj 
that dioxin is difficult to produce (hereinafter referred to as a high 

10 temperature incinerator) is used. 

There is, however, the problem with the Jibov^ methodi(l)Jthat it 
takes time and costs considerably^ segregate the wastes. In addition, it 
is substantially impossible to perfectly separat|ng|the wastes, and 

production of a small amount of dioxin cannot be avoided. * 

15 The/&bov^^ethod^2^is insufficient to cope with dioxin because^aj/^^ *M^f Ms **^ 

ao device^capable of completely removing dioxin/is not put to practical use at 

presen^ Thus, it is insufficient to cope with dioxin. Thus, a secondary 

incinerato^for burning dioxin contained in the exhaust gas, a cooling 

device for rapidly cooling the exhaust gas so as not to reproduce dioxin, and 

20 afcuj filter for removing dioxin remaining in the exhaust gas are installed 
oh. 

/very oftenjinlthe incinerator. However, installation of such devices in 

combin a tioi^re quires a high costjand renders^he)incinerator[complicate<^ 

As described above, the exhaust gas contains a plurality of harmful 

substances in addition to dioxin. In order to eliminate them all, a 

IS 

25 plurality of devices for removing such harmful substance^re/required to 
be attached to the incinerator. Thus, the incinerator would become 
expensive and complicated in ^composition 


Since the high temperature incinerator is expensive, there is|thel 0^ 
problem ^ath^^|abov^method|(3)Jthat it is not easy to^estroyjthe old 
incinerato^nd t^newfv^uild up jajhigh temperature incinerator. In 
addition, it is difficult to completely prevent production of even a small 
5 amount of dioxin evei^fJthe high temperature incinerator jwhich is put to 
practical use at present is usecj? 

Burning the wastes also has problems other than production .of the 
harmful substances. Usually, wastes contain incombustible substances 
such as metals and glass. Therefore, when the wastes are burnMSs they 
10 are£ incombustibl^^dregs^Lre produced and required to be removed from the 
incinerator, which takes much time. In terms of time and cost, it is 
difficult to segregate the wastes according to material/and then to process 
thegj/eparately. ..J^/^f 
In addition, there are wastes, ^nost off which con tai^ incombustible 
15 material^ such as industrial wastes and shredder dust^including^pieces intq]^ 
^whicS car bodies and household[electnc} appliances £re broker]. Thj^se 
wastes are not suitable for burning. . * 

The other jmetljod for processing/thj wastes is £o bury thengf. /Now! 
ow 7 ever|^difRcult to secure a place where the wastes are to be buried. 
20 In addition, there is the prohLem that chemical substances contained in the 
wastes wall reac^in the eartfl>to resynthesize new chemical (harmful) 
substances. Furthermore, harmful heavy metals such as lead and/or 
harmful chemical substances such as dioxin contained in the wastes 

dissolve in rain to pollute A soil rivers and ground water (soil pollution, 
CjlaaA 

25 water poUution)^t3^thereby destroy the emdronment^gxeatl^ 

Methods appropriate (efficient and safe^o^^sjof certain ^lesjk^^ 
of the wastes such as PCB^and/or dioxin^eQnot yet found, and hence th#se 


wastes can only be stored and kept. Such wastesSnay leak out during 
their storage to pollute the environment and hence^traightawayj measures 
are required to be taken. 

In order to solve the above various problems,y[apparatus capable of 
5 disposing of all wastes without producing harmful substances/have been 
demanded^ for example ^apparatus for thermally decomposing the wastes 
at high temperatures without burning them. However, it is difficult to 
efficiently obtain high temperatures to thermally decompose all the wastes. 
|Thus, those apparatus have not been put to practical use at presei^. 
10 It is therefore an object of the present invention to provide 

inexpensive thermal decomposition apparatui^or wastes which solves the 
above problems and which thermally decomposes^lmost all) wastes without 
producing harmful substances such as soot dust, chlorine compounds such 
as hydrogen chloride, nitrogen compounds such as NOx and/or dioxin. 

15 

& a &SCLOSURE\OF THE INVENTION 
? In order to achieve the above object, the present invention provides 

a heating chamber for heating wastes, an inlet port for introducing the 
wastes into the heating chamber, at least one pair of electrodes provided 
20 within the heating chamber, a light emitting heater consisting of a 

plurality oj^all^w'hich contain carbon as a main ingredient, the light 
emitting heate^being provided between the at least one pair of electrodes 
so as to produce an electric discharge when a voltage is applied across the 
at least one pair of electrodes, and an outlet port for discharging/out of the 
25 heating chamber/ gase^jito w'hichjthe wastes^re thermally decomposed^ 

In the arrangement, electric discharges occur between the plurality 
op)allJf Since the electric discharges occur at a high temperature of about 


3000 °C, almost all wastes including PCB££xcept for metals having high 
melting pointsjare thermally decomposed^ such high temperatures) in to 
harmless low molecular-weight substances without producing any harmful 
substances such as dioxin. , * 

5 Thus, even wastes containing incombustibl^Wastei which cannot 

be disposed of in the general burning method can be thermally decomposed 
simultaneously without bein g separated or segregated. Even when the 
wastes ^hich^may^produce dioxin in the burning process ^re contained 
/&ey7are thermally decomposed without heing segregated. Thus, much 

10 time and cost areiiot requirejtMbr aisposina of the wastes. 

After the thermal decomposition, fe^^lreg^are produced and no 
work for removing sucl^Bxeg£is required. 

The remainder of the burned wastes containing dioxin produced by 
burning the wastes, and wastes such as PCEfcrwhose processing methods 

15 have not been found and which have only been stored^md keptjare 
thermally decomposed similarly into harmless low molecular-weight 
substances. 

As described above, the present invention is realized -by generating 
an extremely high temperature of about 3000 °C efficiently in a stabilized 
20 manner and by maintainm^tsjtemperature. 

The electric discharging region is at a high temperature of about 
3000 °C and a position distant ten-odd centimeters from the discharging 
region is at about 200 °C or less. Thus, the inner and outer walls of the 
thermal decomposition apparatus is capable of sufficient! yjkeepini a high 
25 temperature of about 3000 °C even^hey havja simple structure. Thus, 

QjAs 

such^apparatus has a simple structure and is made inexpensively. 

The low molecular-weight substances produced by the thermal 


decomposition are rapidly cooled from about 3000 °C to about 200 °C or 

less tojthereb^ehminate the probability of dioxin being reproduced. If 

they are cooled gradually, thevjfce placed for a long time7at a temperature ^kn a^S^tf^^ 

U, tiro 

—t^^m where dioxin is likely to^produc^r 

5 The thermal decomposition apparatus preferably comprises Oufy* 

/6xygenless state forming^means for placing the heating chamber in an 

oxygei^esi^tat^ such that the plurality of^alU are placed in an oxyger^lessj fW L 

^^^L , , v «C H^f™ ^^T^ fair wdcM*^; <eSitCL«ati^ 

jstatej Thus, the plurality oi^au^ar^^ifticult to oxidize, deteriorate, and ^^L^aXuc^ 

defon^toj decrease in discharge efficiency, and^rejusabl^for a longtime. ^^^^a^ 


10 For example, when the plurality omoall^each takeFthe form of a perfect 

sphere, they provide a very high discharging efficiency, whereas when they 

are deformed due to their oxidization and deterioration, the discharging 

efficiency^/6an^ decrease? The oxyger^si(stat^in the present invention 

implies that the oxygen concentration is lower than that in air. y y y 

15 jA.s the oxygen concentration becomes lower, it is more preferable. *L &xs> * 

If it is lower than that in air, there is no problem] When the oxygen 
concentration exceeds that in air, the plurality oj^a^^are liable to be 
oxidized and deteriorated. 

The apparatus preferably comprises^decompressing means for 

20 decompressing the heating chamber such that the plurality oi^alMare 

placed in a vacuun^tat^. In this case, a high discharging efficiency and a 



high temperature ar^<eas:Qy obtained. In addition, a high temperature is 
obtained witl^malljpower to thereby reduce the operating cost of the 



apparatus. Like the case where the plurality of|balMare placed in the 
25 oxygen|gs§)(stat^ they ar^jdifficult to deteriorate and^u^afel^Tor a long tim^^o ■ 
Since the density of molecules present in the vacuum ^tatejis low )>( new r 
chemical substances are difficult^ produce due to recombination of 


decomposed molecules, advantageously/ The vacuum/state|in the present 
invention implies that the (vacuum degred is less than £he( atmospheric 
pressure * / 

(£lS the vacuum degree becomes higher, it is more preferable^ A 
medium vacuum (10 jg>r more andjless tha^lO Pa) will suffice. It may be 
a low^rjvacuum (10 P^r more andjless than the atmospheric pressure). 

The plurality o^all^^ybe^ac^made of at least one^selected . ^ u 

from the group of charcoal, graphite fen^a carbon composite material. As 

an example of charcoal, Japanese Bincho charcoal can b^namecg Carbon 

such as charcoal and graphite has many pores on its surface and infitsj'f ^ 

inside in which a gas is adsorbed. Thus, there is the problem that at high 

temperature the adsorbed gas will b^dischargej. Thus, it is preferable to 

process carbon, such as charcoal and/or graphite^such that their pores are 

closed to prevent adsorption of a gas. . 

•Jl%$0>- a^phaf^cd<^ ftps 
The plurality o^all^ach ha\^ impermeat^iity preferably. In that 

Man r 

case, their substance absorp^biht^Jis low to thereby decrease the 
probability that they will adsorb o^eleasej harmful substance^Tn us^ 
Thus gnce they are difficult toj deteriorat^/^dtFoxidization fan&Karmful 
chemical substances^they ar^ usable^for a long timj^p-/ 

It is preferable that the plurality of balls /£aclf take the form of a 
sphere. In order to cause electric discharges efficiently between the 


plurality oralis, they are preferably in point contact, one with another. If 
they are in hne or surface contact, (on^Vvith^nothe^^an^undesirable 
|greaJflo\s^jof electric currents ^oulcf occutfto thereby reducj^the discharge 
efficiency. Thus, when(they arejeacl^in the form of a sphere, they are 
[necessariWin point contact, [on ^with^othei/, the discharges are 
performed efficient!}', a high temperature is easily obtained, and the 
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operating cost of the apparatus is£educed( 

The use of the plurality o0>a^fo^ a long time deteriorates™^ s^Atf s ^r°r^ 
^themselve^du^jto the discharges and oxidization^ thereby deforn^tnem 
^ossibhj? Especially, when the electric discharges concentrate on 
5 paxticula^fpart^of th<|fcalljj, the p articular ^artj^^liable to deteriorate 
^greatl^ If the plurality of balls each take the form of a sphere, they rotate 
due to the action of the electric discharges. Thus, the electric discharges 
are difficult to concentrate on the particular part and there is a high 
probability that the electric discharges wall occur uniformly among all^art^ o*Q<*^ <>h 
10 /ofjthem. Thus, even when they are deteriorated and/or deformed, they are 
kept in the form of a sphere, and the probability that the electric discharge 
efficiency will be reduced is^low^advantageousl^ 

As long as the plurality of balls are placed in point contact^one 
with anotherjjthey may each take the form of a polyhedron such as a 
15 dodecahedron or icosahedron. The term "sphere" used in the present 
invention should include a true sphere as well as a polyhedron. The 
plurality of balls each takerthe form of a perfect sphere$preferabhr. 

Pressing means for pressing the wastes against the plurality of 
balls may be provided within the heating chamber. 
20 By this arrangement, the wastes are placed in efficient contact with 

the discharging portions of the plurality of balls. Thus, the wastes are 
heated efficiently at a temperature, for example, of about 3000 °C to 
thereby improve the/^iea^ decomposing efficiency of the wastes. 

The apparatus may further comprise a filter made of at least one of 
25 a ctivjitcy carbon and charcoal for allowing the decomposed gases to pass 
{therethrough. 

In this case, even when the decomposed gases contain hydrocarbons, 


heavy metals and/or undecomposed harmful substances, the filter wall 
adsorb thejj^to prevent them from being discharged lout of the apparatus) 

The apparatus may further comprise a vacuum meter for 
measuring the pressure within the heating chamber, and pressure 
5 adjusting means for adjusting the pressure within the heating chamber to 
a predetermined value. 

In this arrangement, the inside of the heating chamber is 

automatically adjusted to an optimal pressure. 

The apparatus, may further comprise an intervening spacer which 
pr/ maUj 

10 contain" 1 carbon as c^aiiAngredient, the intervening spacer being placed 
between the plurality o^^^and an inner wall of the heating chamber. 
Since, in this arrangement the inner wall of the heating chamber is not 
contact with the plurality ofgbaUs^high temperatures, the former is 
(difficult to deteriorate^ with heat to thereby improve the durability of the 

15 inner wall. 

The intervening spacer may be made of a carbon material such as 
impermeat^lit^j graphite, and its shape is not^speciaUyjhmited and may 
take the form of a plate or rod. 

At least portions of the inner wall of the heating chamber which are 
20 placed in contact with the plurality of balls may be made of a monolithic 
refractory which contains at least on^ selected from the group^of boron 
nitride (BN), niobium (Nb), silicon carbide (SiC), boron carbide (B x C y ), 
magnesium oxide (MgO), hafnium oxide (HfO), hafnium dioxide (HfOz), 
and beryllium aluminum oxide (Al2Be04 ; BeO • AI2O3). In this 
25 arrangement, the monolithic refractory has high thermal resistance which 
£esistsja high temperature of about 3000 °C. Thus, the inner wall of the 
heating chamber^ rarely deteriorate^. 


10 

Especially, sincejthej boron nitride has a high melting point of 

3000 °C, the monolithic refractory containing this material is excellent in , - y 0 

thermal resistance, and the inner wall of the heating chamberfis rarely Jotfh^ 

deteriorated or melted due to heat]. The inner wall of the heating chamber 
^ n 

5 has high electric^nsulationjresistance at high temperature, and no electric 

current flows through points where the inner wall of the heating chamber 

is in contact with the plurality of^^^ 

Addition of niobium and/or silicon carbide to the monolithic 

refractory improves its strength at high temperatures. Boron carbide 
10 includes various compounds of two ingredients. Monolithic refractories 

containing such compound have a low density and a high^rfstrength. 

Monolithic refractories containing hafnium oxide exhibit excellent 

corrosion resistance. Monolithic refractories containing magnesium oxide 

exhibit excellen^jheat) and fire resistance. 
15 At least a part of the at least one pair of electrodes may take the 

form of a rod or horn surrounded by the plurality of balls to thereby 

improve the discharge efficiency. 

The apparatus may further comprise a pipe for introducing liquid 

wastes into the heating chamber. 
20 The thermal decomposition apparatus may further comprise a 

decomposed gas harm eliminating device for thermally decomposing 

harmful materials remaining in the decomposed gases into harmless gases. 

The decomposed gas harm eliminating device may comprise : a decomposed 

gas heating chamber for heating the decomposed gases! a decomposed gas 
25 inlet port for introducing the decomposed gases into a decomposed gas 

heating chamber; at least one pair of second electrodes provided within the 

decomposed gas heating chamber; a second light emitting heater consisting 
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of a plurality of second balls which contain carbon as ^[maii^ingredient, 
the second light emitting heater being provided between the at least one 
pair of second electrodes so as to produce an electric discharge when a 
voltage is applied across the at least one pair of second electrodes; a 
5 harmless gas outlet port for discharging^out ofjthe|decomposed gas heating 
chamber^ harmless gases^Co which the decomposed gases are changedj; and a 
filter comprising at least one of active carbon and charcoal for allowing the 
harmless gases to p ass jtherj through. 

In such arrangement, electric discharges occur between the 

10 plurality of second balls of the device. The discharging regions are at a 
high temperature of about 3000 °C. Thus, even when the decomposed 
gases contain hydrocarbon compounds and/or harmful substances, the 
device thermally decomposes them completely tognakejthem harmless. 
Thus, there is substantially no! probability that(th§harmful substances will 

15 be discharged/out 03 the apparatus. 

The decomposed gas harm eliminating device may further 
comprises at least one of : a second vacuum meter for measuring the 
pressure within the decomposed gas heating chamber, and second pressure 
adjusting means for adjusting the pressure within the decomposed gas 

20 heating chamber to a predetermined value; a second intervening spacer 


which contain carbon as ajmain^ngredient, the spacer being placed/at least] 
between the plurality of second balls and an inner wall of the decomposed 
gas heating chamber; at least portions of the inner wall of the decomposed 
gas heating chamber which are placed in contact with the plurality of 
25 second ballsfheing made of a monolithic refractory which contains/at least 
on^selected from the group^of boron nitride, niobium, silicon carbide, boron 
carbide, magnesium oxide, hafnium oxide, hafnium dio>dde,[and/beryllium 
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aluminum oxide^ and a second pair of electrodes having at least a part 
thereof in the form of a rod or horn surrounded by the plurality of second p P /} ^ < ' 


balls. , 
5 . BRIEF DESCRIPTION OF THE DRAWINGS ^ " ..m^ n „tH 


FIG. 1 is a perspective view of a thermal decomposition apparatus J^ a ~^pU^ 




for wastes as a first embodiment^ j. * 



FIG. 2 is a cross-sectional view of the thermal decomposition 
apparatus taken along a line A- A of FIG. 
10 FIG. 3 is a cross-sectional view of the thermal decomposition 

apparatus taken along a line B-B of FIG. l' ^ „ L n t^edth t^^^ 

FIG. ^schematically illustrates electric discharges occurring e^tf^ 
among the plurality of balls^ ^ <^^?^ 

FIG. 5 is a vertical cross-sectional view of a modification of the first 
15 embodiment^ 

FIG. 6 is a horizontal cross-sectional view of a modification of the 
first embodiment* 

FIG. 7 is a cross-sectional view of a thermal decomposition 
apparatus for wastes as a second embodiment^ 
20 FIG. 8 is a cross-sectional view of the thermal decomposition 

apparatus taken along a line C-C of FIG. 7^ 

FIG. 9 is a perspective view of a thermal decomposition apparatus 
for wastes as a third embodiment^ 

FIG. 10 is a partial horizontal cross-sectional view of the thermal 
25 decomposition apparatus of FIG. 9? 

FIG. 11 is a vertical cross-sectional view of a thermal decomposition 
apparatus for wastes as a fourth embodiment^ 


25 
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FIG. 12 is a cross-sectional view of the thermal decomposition 
apparatus taken along a line D-D of FIG. 11^ 

FIG. 13 is a vertical cross-sectional view of a thermal decomposition 
apparatus for wastes as a fifth embodiment* 

FIG. 14#shows a vertical cross -sectional view mid a horizontal 
cross-sectional viev^of a lower portion of a heating chamber of a thermal 
decomposition apparatus for wastes as a sixth embodiment^ . , j ^ 

FIG. 15 is a vertical cross -sectional view of a thermal decomposition ntftu^ jrtv*^ 
apparatus for wastes as a seventh embodiment^ J&^f 0 ^ cU^^ 


10 FIG. 16 is a perspective view of a mount for the light emitting f'^bfrf*** ) 


heater unitj 

„FIG. 17 c £hows a side view^id a plan \aewJof the mount to which 

intervening spacers are fixedj /Us(u ^ ^W^X"^ 

FIG. 18 is a perspective view of a carbon electrode to which a pair ^}jooj^^% 


15 of spaced horn electrodes are attached. ^MA&f**^ f ^ 

/BEST MODE FOR CARRYING OUT THE INVENTION] ^ s 

Embodiments of the thermal decomposition furnace according to 
the present invention will be described in mo^te detail with reference to the 
20 accompanying drawings. The terms indicating directions such as "up", 
"down", "front", "rear", 'right" and 'left" represent respective directions in 
each of the drawings for convenience of explanation. 

It is to be noted that the present invention is not limited to the 
embodiments described below. 


(First Embodiment) 

^FIG. 1 is a perspective view of a thermal decomposition apparatus 
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for wastes as the first embodiment. FIG. 2 is a cross-sectional view 
taken along a line A- A of FIG. 1. FIG. 3 is a cross-sectional view taken 
along a line B-B of FIG. 1~J 

The apparatus 1 includes an internal heating chamber 10 with an 
inlet port 20 on its front (on the left side thereof in FIG. 3) through which 
the wastes are introduced into the heating chamber 10 and an outlet port 
21 on its rear(on the right side thereof in FIG. 3) through which the 
resulting thermally decomposed wastes are discharged from the heating 


chamber 10, * The inlet port 20 has an operable door 22 such that when 
10 closetmh^airtighl^essjof the heating chamber lO^is maintained}. 

The thermal decomposition apparatus 1 has an outer wall 11 of a 
4-layered structure composed of an innermost refractory concrete layer 13a, 
an inner iron plate 12a, an outer refractory concrete layer I3b.and an 
outermost iron plate 12b coated with a heat resis^nj^coating. A portion of 
15 the innermost refractory concrete layer 13a positioned under a plurality of 
balls 4^ in the form of % spheres replaced with a heat-resist^nj firebrick 
layer 14 whose joints are filled with a monolithic refractory^such as 
refractor}^ concrete (not showing to improve the airtightness of the heating 
chamber 10. 

20 The inside of the heating chamber 10 is heated to a high 

temperature of about 3000 °C, as wall be described later. However, a 

temperature at a position^istanl^om scores of centimeter^ from [aj^^ 

plurality of balls 40is at a temperature of not higner than 2T00 °C, and the 

^ free, ' 

inside of the heating chamber 10 is in an oxyger^gsjior vacuum state. 

25 Thus, heat conduction i^ardQ^ simple structure will 

suffice for the outer wall 11. 

The rectangular parallelepiped space surrounded by a refractory 
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concrete layer 13a forms the airtight heating chamber 10 where the wastes 
introduced through the inlet port 20 are heated and thermally decomposed, 
and the resulting gases are discharged from the outlet port 21. 

The heating chamber 10 is filled in its lower portion with a 
5 plurality of balls 4(^of carbon such as graphite. Alight emiting heater 41 
consists of a plurality of balls 40. Since the plurality of balls 40 each takes 
the form of a sphere, adjacent ones^of them| are in point contact with each 
other. The composition of the balls 40 and a method of making them will 
be described in detail later. 

10 A pair of plate-like carbon electrodes 30 are each disposed on[a^ 

respectiv^ne ofjopposite sides^lower portion of the heating chamber 10 
such that the plurality of balls 40 are disposed between the pair of carbon 
electrodes 30 from which a corresponding pair of carbon rods 3l£utwardJ 
exten^espectivel£Jthrough the corresponding outer walls 11 of the 

15 apparatus 1. Each carbon rods 31 may be replaced with a heat-resis^TgJ 
refractory stainless steel one. It is to be noted that when the apparatus 1 
has a structure in which the pair of stainless steel rods extend through the 
^corresponding pair ofjcarbon electrodes 3^qJcome into contact with the 
plurality of balls 40, the portions of the pair of stainless steel rods which 

20 comegOinto contact with the plurality of balls 40 should be covered by a 

carbon material to prevent deterioration thereof^ 

ism, /oA 
The outlet port 21fluid communicate^ with a vacuum pump 51 

through an exhaust pipe 23. The vacuum pump 51 corresponds to A means 

for producing an oxygei^ess^tat^or decompressing means as an element of 

25 the present invention. A vacuum meter and pressure adjusting means 

(not shown) are provided within the exhaust pipe 23. The pressure within 

the heating chamber 10 is measured by the vacuum meter. When the 
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pressure measured by the vacuum meter exceeds a predetermined value, 

[anjexcess gas is automatically adjusted (discharged) by the pressure 

adjusting means to/therebyjmaintain the pressure within the heating 

chamber 10 at a constant value. In order that the heating chamber 10 is 

placedjatlthe oxygenfessjor vacuurnjstate], any means may be used as the 

oxygen|gs|^tat^producing means or decompressing means. 

A fiber-like active carbon filter 50 is provided within the exhaust - y 

pipe 23. The active carbon^has on its surface innumerable open pores ^u^Sky^^^^du'. 

which include micro ones having a diameter of not more than 2 nm, a ™ ~r ^ 

medium ones having a diameter of more than 2 nm and less than 100 nm, 'W* ^a^^c^ 

and macro ones having a diameter of not less than 100 nrr^ and has a ^w«^/z*£*, 

specific surface area of 500-1700 m 2 /g. Thus, the active carbon has a 

strong agsorptivitv.^ selective^ adsorb relatively large molecules 

^hysicaiy wherein the pores of various sizes adsorb various molecules. 

Especially, the active carbon is excellent in absorbing hydrocarbon^ such as 

methane. Instead of the fiber-like active carbon filter 50, particulate 

active carbon may be used as the filter. A filter of a material other than 

carbon may be used as long as it has exceUenjJJsorbabilit^ 

A pair of openings 52 each are provided axially outside a respective 

(6ne of tbj pair of carbon electrodes 30 through^gcorresponding/one of the 

1 -f<r? _ 

opposite/ sides of the apparatus ljso tha^ inspection/maintenance of the 

inside of the apparatus 1 (including inspection of/aldeterioration in the /w / / 

quaJity,gnd replacementjof the balls 40 and carbon electrodes 3^). 

Each opening 52 is covered with an ceramic plate 53, which is 

removably fixed by iolts 54 to the outer wall 11. A refractory sealing 

sheet (not shown) is provided between each cover 53 and a corresponding 

Jone of oppositejsurface^/of the iron plate 12b of the outer wall 11 to provide 
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satisfactory^nsidejairtightness for the apparatus 1. A refractory concrete 
block 55 is filled between each carbon electrode 30 and a corresponding 
cover 53 to provide satisfactory maintenance of the temperature within the 
apparatus 1. The cover 53 may be an iron plate covered with an 
5 insulating material. The refractory concrete block 55 may be replaced 
with a firebrick. 

The four members, i.e., the cover 53, refractory concrete block 55, 
carbon electrode 30 and carbon rod 31, form an united electrode unit 57. 
Thus, the cover 53, refractory concrete block 55, carbon electrode 30 and 
10 carbon rod 31 are not required to be removed individually to replace the 
carbon electrode 30 with a new one. Instead, the electrode unit 57 isjfmly 
required to bejreplaced w'hoHy£vith another one|to^hereb^facihtate 
replacing the carbon electrode 30 with a corresponding new^n^. 

An outer rectangular iron frame 56 is provided so as to fit fixedly 
15 into an inner edge of each opening 52. A corresponding inner rectangular 
iron frame 59 is received within the corresponding rectangular iron 
cylindrical frame 56 so as to fit fixedly over a corresponding end portion of 
the refractory concrete block 13 for covering purposes such that the iron 
frame 59 slides along with the electrode unit 57 relative to the frame 56 to 
20 move the electrode unit 57 into/out of the opening 52. 

A method of thermally decomposing the wastes, using such 
decomposing apparatus 1, will be described in detail next. 

First, the door 22 of the inlet port 20 for the decomposition 
apparatus is opened, the wastes (not shown) are cast into the apparatus so 
25 as to be placed on the plurality of balls 40. 

The vacuum pump 51 is then actuated to evacuate the heating 
chamber 10 into a vacuum state (for example, a high vacuum of about 6.7 x 
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10' 2 Pa or a lower vacuum of about 0.02-0.06 'MP a). Thus, the plurality 
of balls 40^LUe^in£o]the heating chamber 10 are also placed in the vacuum 
state. 

The pair of carbon rods 31 are connected to a power supply (not 

5 shown). When the pair of carbon electrodes 30 are^^p^ie^mth a 

voltage of about 200 V (a current of 300-400 A), electric discharges occur 

among the balls 40 within the chamber 10. Electric discharges occur in 

the whole of the light emitting heater 41. In order to increase the 

discharge power, the pair of carbon electrodes 30 are required to be 

10 supplied with a voltage of 400-500 V (a current of 100- 150 A) 

The mechanism of occurrence of the electric discharges will be 

Mb 

described with reference to FIG. FIG. 4 (a) shows three balls 40 placed 

in contact with each other. FIG.[5j(b) illustrates the contacting portions of 

any two of the balls 40 in an enlarged view. , 

cite, (A*, LLjz, skcs-fpes 

15 Since the plurality of balls 40 /t (§ach take the form)of a sphere, (any] 

adjacent ones|thereofjare in point contact with each other. Each ball^j40 
has yfugged ^urfa^ Thus, any adjacent balls 40 have 

microscopical convexities in contact with each other and concavities 
between the convexities on this surfaces. When a voltage is applied across 

20 the pair of electrodes, electric currents flow through points at which any 
two balls 40 are in contact with each other. However, the^reas of the 
contact points are small and large currents cannot flow through the contact 
points, and electric discharges 42 occur across the concavities on the 
surfaces of the adjacent balls. When the balls 40 are in line/surface 

25 contact with each other/to thereby) pro\dc^]large contact areas, large 
currents would flow through the areas and the discharge efficiency is 
reduced. 
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The discharge region (at spark 42) is at a temperature of about 

3000 °C and the environment of the plurality of balls 40 is stabilized at a 

high temperature of 3000 °C in a short time, of scores of seconds after a 

A K 

voltage is applied across the pair of carbon electrodes. At this time, the 
5 outer wall 11 (iron plate 12b) of the decomposition apparatus 1 is at about 
room temperature. If the electric discharges occur in a stabilized state, /aj 
Qo^voltag^o^about 30 V (a current of 300-400 A)Jwill suffice for the 
voltage to be appliej? The resulting temperature may be adjustable 
depending on the applied voltage, as requested: . . ■ -rjjx-/s 

10 The use of the plurality of balls 40 for a long tim^jdeteriorates] Jue~fa> ^jJ^J^^ 

/themselves due to the discharges and oxidization to thereby deform them ^y^^^^ J 
possibly] ^Especially, when the electric discharges concentrate on ^ (J °^Y^^CO^ ^ 

particular parts of the balls 40, the balls 40 are liable to deteriorate greatly) ^JfiffH^*^ 


Since the plurality of balls 40 each take the form of a sphere, they rotate du-c/^f* 

15 due to the action of the electric discharges. Thus, the electric discharges r> ^ c * e^^^ 
are difficult to concentrate on the particular parts of the balls 40 and there ' 
is a high probability that the electric discharges will occur uniformly 
[among whole of thenjf. Thus, even when they are deteriorated and/or 
deformed, they^are kept in the formjof a sphere, and the probability that 


20 the electric discharge efficiency wall be reduced is 



The wastes placed on the plurality of balls 40 are not burn|ybut dMs 

OaaJ 

heated to a high temperature of about 3000 °C {to b$ thermally decomposed 

J A 

into harmless gases of low molecula£j^eight substances without producing 
harmful substances such as soofcllust, chlorine compounds such as 
25 hydrogen chloride, nitrogen compounds such as NOx, and harmful 

substances such as dioxin. If such harmful substances are contained in 
the wastes, they are simnarlyldecomposed/thermallyjat the high 


20 


temperature into gases of harmless low moleculaij3weight substances. 

Almost all wastes including powder/solid PCE$except for metals 


havin 


g high boiling points are thermally decomposed at the high 


temperature of about 3000 °C. Ii^[that\case, few $xegs|remain. Thus, 
5 incombustible wastes including glass articles such as bottles and metal 
articles such as cans, industrial wastes, medical wastes and shredder dust 
are thermally decomposed simultaneously without being segregated, not to 
mention general wastes such as kitchen garbage and resins. When glass 
articles such as bottles are broken into pieces of substantially the same size 
10 as the balls 40, they come easily into contact with the balls 40 to thereby 
improve the thermal decomposition speed. Formless wastes are 
temporarily hardened to a lump having a fixed shape, for example, by 
compression and then broken into pieces to thereby improve the thermal 
decomposition speed similarly. 
15 The electric discharges produce heat and light. The light is 

considered to be effective i^xp editing ihe thermal decomposition of the 
harmful substances. Especially, when dioxin is thermally decomposed, the Slhkc^cZi/^A^ 
[effect of this thermal decompositioij is considered to be/hig^/^^ 

The decomposed gases can contain harmless low molecular weight 
20 substances as well as hydrocarbon^and heavy metals, and are adsorbed by 
the active carbon filter 50. Thus, they are not discharged from the outlet 

Ahc* 

port 21 of the apparatus 1. AveryLsmall amount of harmful substances 


jta^remair£kut igj^dsorbed by the filter 50. Thus, nonsuch/gas is 
discharged from the outlet port 21 of the apparatus 1. 

e a i 


25 The filter 5^£s restorea repeatedly with water vapor of 120-200 °C 

^sprayed thereagamstjfor reuse| Thus, this filter is e xcellent both in ^tdh^ xjLu 

economy and prevention of secondary pollution. ^"jWhen a proportion of ft&h ^° jiAa 
£ jL^^y^^j ^ *»J*£s y -6U £J^S*^ 
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heavy metals adsorbed by the filter 50 increases, the heavy metals and 
other materials can be removed from the filter 50, crushed to pieces with 
an industrial mill and sifted according to specific gravity to collect the 
heavy metals/J 

5 As long as the object of the present invention is achieved, the 

positions of the inlet port 20, outlet port 21, vacuum pump 51 and the 
pressure adjusting device relative to the apparatus 1 are not limited to 
those of the present embodiment. For example, while the vacuum pump 
51 is illustrated as bemg^pro\ddedJoutside the apparatus 1 in the present 

10 embodiment, it may b^ro\ddedJ\\dthin the apparatus. 1. 

While in the present embodiment the wastes are illustrated as 
being thermally decomposed in a state where they are placed on the 
plurality of balls 40, it is preferable that j^hen|the wastes are pressed 
against the plurality of balls 40, for example, by a spring or a weight placed 

15 on the wastes,[alpercentage of the wastes coming into contact with the 
plurality of balls 40 increases to thereby increase the^thermal 


decomposition^peedjof the wastes. 


FIGS. 5 and 6 show a modification of the first embodiment which 
OL, 

comprisesyjpressing means for pressing the wastes against the plurality of 
20 balls 40. FIG. 5 is a vertical cross-sectional view of the thermal 

decomposition apparatus la of the modification. FIG. 6 is a horizontal 
cross-sectional view of the thermal decomposition apparatus la. In FIGS. 
5 and 6, the same reference numeral as that used in FIGS. 1$L is used to 
denote the same element as, or an element corresponding to, that of the 
25 thermal decomposition apparatus 1 of the first embodiment. 

Further description of elements^of the thermal decomposition 
apparatus la of the modification^ identical or corresponding to ones of the 


22 

thermal decomposition apparatus 1 of the first embodiment wall be omitted 
and only elements of the modification different from those of the thermal 
decomposition apparatus 1 of the first embodiment wall be explained next. 
A pressure plate 6 l^hic^ presses the wastes 60 against the 
5 plurality of balls 40 due to its own weights suspended in a horizontal 
state by a rope 62 within the heating chamber 10. The rope 62 separates 
halfway into four subrope portions fixed to the respective corners of the > 
pressure plate 61 such that the pressure plate 61 can^easil^ak^a 
horizontal attitude. 

10 The rope 62 is connected at an upper end to an elevator 64 attached 

to the top of the thermal decomposition apparatus la such that the elevator 
64 feeds out or rewinds the rope 62 to elevate and lower the pressure plate 
61 within the heating chamber 10. 

The heating chamber 10 has a pair of grooves 66 each provided on a 

15 respective one of opposite inner walls thereof and receiving slidably a 
respective^me of a pair ofjhorizontal projection^) 8 each provided atja 
respective one ofjopposite sides of the pressure plate 61 such that the 
pressure plate 61 move up and down along the pair of grooves 66 in the 
opposite inner walls in a stabilized manner. 

20 ^^The pressing means which comprise^^achjpressure plate 61, 

rope 62 and elevator 64^fhe pressure plate 61 is lowered depending on a 
degree of decomposition of the wastes 60 (a decomposed size of the wastes 
60). Thus, the wastes 60 can be pressed against the plurality of balls 40 to 
maintain an efficient contact state at all times to thereby improve the 

25 decomposing speed of the wastes 60, ^hichkan be improved by about 
30-40 % depending on the weight of the pressure plate 61, the kind of 
wastes 60 and the degree of vacuum. 


10 


15 
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Although the rope 62 is connected to the elevator 64 through the 
outer wall 11 of the decomposition apparatus la, the airtightness of the 
heating chamber 10 is sufficiently maintained. 

The material of the pressure plate 61 is not limited as long as it has 
a sufficient weight, heat resistance and corrosion resistance. The material 
of the rope 62 is not^speciallyjlimited as long as it has sufficient strength, 
heat resistance and corrosion resistance. The materials of the pressure 
plate 61 and rope 62 preferably include carbon, impermeat^tyj graphite, 
ceramic or heat-resisting stainless steel. The elevator 64 may be of the 
electrically or manually actuated type. qM^^^^J 
^While in the modification the pressing means which presses the ^d^Ats ff^ 


wastes 60 against the plurality of balls 40 with the weight of the pressure ^^^j^^^ 
plate 61 is employed, pressing means may be employed which presses the tzqeM"^^* 
wastes 60 against the plurality of balls 40 with a springj ^^^o^^^^ 


(Second Embodiment) 

FIG. 7 is a vertical cross-sectional view of a thermal decomposition 
apparatus 2 for wastes in the second embodiment. FIG. 8 is a horizontal 
cross -sectional view taken along a line C*C in FIG. 7. The same reference 

20 numeral is used to denote the identical or similar elements of the second 
and first embodiments in FIGS. 7, 8 and 1-4. 

The thermal decomposition apparatus 2 of the second embodiment 
has an inlet port^Olsuitable for introducing liquid wastes such as waste 
oils, waste liquids and/or PCBjinto the heating chamber, and is suitable for 

25 disposigi^of such liquid-like wastes. Further description of elements of 
the thermal decomposition apparatus 2 of the second embodiment identical 
or similar to those of the thermal decomposition apparatus 1 of the first 
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embodiment will be omitted and only elements of the second embodiment 
different from those of the first embodiment wall be explained next. 

An inlet pipe 24 extends into the heating chamber 10 through a 
side wall of the decomposition apparatus 2 for feeding the liquid wastes 
into the heating chamber. The inlet pipe 24 separates into a plurality of 
subpipes (two in FIG. 8) and then merges into a single second pipe which is 
terminated and fixed in the inner wall of the heating chamber 10 opposite 
to the side wall of the heating chamber 10 through which the inlet pipe 24 
passes. 

The subpipes placed within the heating chamber 10 each have a 
plurality of holes 26 arranged through its length on its lower surface such 
that the liquid wastes 28 flowing through the inlet pipe 24 are discharged 
in the form of a shower; as the case may be] from the plurality of holes 26 


against the plurality of balls 40. The inlet p or t(20Jsui table for introducing 
liquid wastes is composed of the inlet pipe 24 and its holes 26. 

The shape of portions of the inlet tube 24 within the heating 
chamber 10 is not especially limited, but is freely designable. While in the 
present embodiment the inlet pipe 24 is illustrated as being separated into 

pipe, 

the subpipes which then merge into one, it may be a non* diver gentyon£ or a 
divergent and non-merging/onj. 



The material of the inlet pipe 24 is not especially limited as long as 
it has heat resistance and corrosion resistance to liquid wastes. 
Preferably, the material of the inlet pipe 24 include, for example, carbon, 
impermealiilitji graphite, ceramic or heat resistance] stainless steel. 



A method of thermally decomposing the liquid wastes using the 
thermal decomposition apparatus 2 is similar to that used in the case of the 
first embodiment and further description thereof will be omitted. 
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(Third Embodiment) 

FIG. 9 is a perspective view of a thermal decomposition apparatus 3 
for wastes as a third embodiment. FIG. 10 is a horizontal cross-sectional 
5 view of^a partja decomposed gas harm ehminating device 31^/of the 
thermal decomposition apparatus 3. 

The thermal decomposition apparatus 3 as the third embodiment 
comprises a thermally decomposing device 3a and a decomposed gas harm 
eliminating device 3b connected to the thermal decomposing device 3a. 

10 The thermal decomposing device 3a thermally decomposes the wastes. 
The decomposed gas harm eliminating device 3b heats to a high 
temperature gases produced by thermal decomposition of the wastes in the 
thermal decomposing device 3a to thermally decompose harmful 
substances remaining^possibly|in the decomposed gase^t^thereby render/^ 

15 the decomposed gases harmless. 

The thermally decomposing device 3a is identical to the thermal 
decomposition apparatus 1 of the first embodiment except that the former 
lacks a filter such as that shown by 50 and a vacuum pump such as that 
shown by 51 and therefore the composition of the decomposed gas harm 

20 ehminating device 3b alone will be described below. In the present 

embodiment, the same element as, or an element corresponding to, that of 
the thermal decomposition apparatus 1 of the first embodiment is 
identified by the same reference numeral as was used in the first 
embodiment. ^(TJbe thermally decomposing device 3a may be replaced with 

25 the thermal decomposition apparatus 2 of the second embodiment. 

The decomposed gas harm ehminating device 3b^hich inside} 
includes a decomposed gas heating chamber 110. has a decomposed gas 
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inlet port 120 on its front for introducing the decomposed gases into the 
heating chamber HO^and a harmless gas outlet port 121 on its rear for 
discharging the harmless decomposed gases out of the heating chamber 110. 
The outlet port 21 of the thermally decomposing device 3a^uid 
5 communicates? through a connecting pipe 101 with the inlet port 120 of the 

IS i 1 

decomposed gas harm eliminating device 3b. A vacuum pump lS^fluid 
communicat£s£with the outlet port I2l through a discharge pipe 123. 

The^mposed gas harm eliminating device 3b has an outer wall 
llL(o£la 4-layered structure similar to that of thermally decomposing device 

10 3a^ includ^igian innermost refractory concrete layer H3a, an inner iron 
plate H2a, an outer refractory concrete layer ll 3b and an outermost iron 
plate 112b coated with a heat resis^n^ coating. A portion of the innermost 
refractory concrete layer 113a positioned under a plurality of second balls 
( to be described later) 140 is replaced with a heat-resisting refractory 

15 firebrick layer (not shown) whose joints are filled with' a monolithic 

refractory such as refractory concrete (not shown) to improve the 

airtightness of the decomposed gas heating chamber 110. 

The heating chamber 110 is heated to a high temperature of about 

3000 °C^as will be described latej? A temperature at a position^stant^o*? ^isLarJl^r of 

20 scores of centimeters A from the plurality of second balls 140 is not higher 

A 

than 200 °C and that the heating chamber 110 is in an oxygenjessjor 


vacuum state, so that heat conduction is/hardly performecjf, and therefore, 
a, (such/simple structure will suffice for the outer wall 111. 

The heating chamber 110 for the decomposed gases comprises an 
25 airtight rectangular parallelepiped space surrounded by the innermost 
refractory concrete layer 113a. The innermost refractory concrete layer 
113a has two groups o^throughf holes 115 each £t its p or tionj corresponding 
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to^arespectivejone of the inlet and outlet ports 120 and 121 for allowing the 
decomposed and harmless gases to flow £herejthrough into and out of the 
heating chamber 110|.' I 

In such^arrangement, the decomposed gases introduced from the 
5 inlet port 120 are heated and decomposed within the heating chamber 110 
to become harmless gases, which are then discharged from the outlet port 
12 l^to the outside^ 

The decomposed gas heating chamber 110 is separated by a 

plurality of (6 in FIG. 10) spaced partitions 116 of a refractory firebrick into . 

10 a plurality of (7 in FIG. 10) subchambers 110a- HOg arranged , - 

ts i h 

longitudinally within the device 3b. The foremost subchamber 110a fluid 

ion ' 
communicates} with the inlet port 120 whereas the rearmost subchamber 

sin to in 

HOg^fluid commumcat^sjwith the outlet port 121. 

Each partition 116 has a plurality of ^throughj holes 117 provided at 

15 equal intervals through its length so as to cause adjacent subchambers to b& ^ 

fluid communicatje^ In such arrangement, the decomposed gas heating 

chamber 110 has therein a plurality of^straight gas fluid paths extending 

through the foremost subchamber 110a, £hrougB holes 117, A subc]iamber 

H0b,^irough(holes 117,^subchamber 110c,^iroug^holes HT^^^amber 

20 ll0d,|throughjholes 117,^ubc^amber I10e,^roughJ holes 117,^ub^amber 


H0f,|througl/holes 117 and^the rearmost subchamber HOg such that the 
decomposed gases entei£n^|the inlet port 120 flows through them and 
discharges from the outlet port 121 to the outside. 

A pair of second electrodes consisting of two plate-l£ke carbon 
25 electrodes 130 may be each disposed onjhrespective one o^ right and left 
sides of any of the subchambers (the second and fifth subchambers 110b 
and llOe from the front in FIG. 10) except for the rearmost subchamber 
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HOg. Each carbon electrode 130 has a carbon rod 131 which extends 

outward through the outer wall 111 of the decomposed gas harm 

ehrninating device 3b. 

The rearmost subchamber HOg is filled with a fiber-like active 

carbon filter 150 and Bincho charcoal 158 to adsorb hydrocarboi^and 

metals. Each subchamber for which a corresponding pair of carbon 

electrodes 130 are disposed is filled with a plurality of second balls 140 

which have the same composition as the plurality of balls 40 of the first 

embodiment. A second light emitting heater consists of the plurality of 

second balls. ^Tfrie filter 150 may be replaced with a particulate active 

carbon filter. A filter of a material other than carbon may be used if it has 

sufficient absorptivity. 

The sizes and shapes of the^irough[holes 115 and 117 are not 
-h> 

j^peciall^hmited^fithe second balls 140|clo not pass through the holeg. If 
the second balls 140 each take the form of a sphere, the shape of the 

^through| holes 115 and 117^aclj|take the forn^of a triangl ^/prefer abl^ 

Thejthrougl^holes 115 and 117^achjmay take the form of a horizontal or 

vertical slit. For example, instead of using partitions 116 with /through] 

holes 117, a plurality of ceramic pillars may be arranged in parallel to form 

s(rt* 

a plurality of spaced/slit-like holes 1171. which serve to increase the areas of 
openings of the^througHjholes 117. Thus, use of the pluraHtj^f^ht'like 
holes 115, 11^ is preferable when a large amount of decomposed ga^flows 
through the plurality of slit-like hole^. 

An opening 152 is provided for each of a pair of carbon electrodes 
130 in the decomposed gas harm eliminating device 3b for inspection and 
maintenance of the inside of the device 3b (inspection of a degree of 
deterioration and replacement of the plurality of second balls 140 and the 
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carbon electrode 130 concerned). 

Each ceramic cover 153 is fixed with bolts 154 to the outer wall 111 
through a refractory sheet (or seal) (not shown)</so as to ctfverja 
corresponding opening 15^tolthereby maintain^ifficiently^the inner 
5 airtightness of the decomposed gas harm eliminating device 3b. Since 
each refractory concrete block 155 is fitted between the corresponding 
carbon electrode 130 and ceramic cover 153, the temperature^aaintenance] 
within the decomposed gas harm ehminating device 3b is sufficiently ^0J^^ cU/ ^ e ^ 
^chieve^ (Eac^ceramic cover 153 may be replaced with an iron cover 

10 coated with an insulating material. The refractory concrete block 155 may 
be replaced with a refractory firebrick block. 

Each ceramic cover 153, a corresponding refractory concrete block 
155, a corresponding carbon electrode 130, and a corresponding carbon rod 
131 compose a united electrode unit 157. £Thus, only by replacing an old or /liMS / . 

15 defective electrode unit 157 with a new one without replacing the ceramic ^ oUblZu& 
cover 153, refractory concrete block 155, carbon electrode 130 and carbon siSu^^^^ 
rod 131 separately, the old or defective carbon electrode 130 is replaced ^s^^^^^^^^J 
with a new one easilyTj 

A rectangular iron frame 156 is provided so as to cover the inner 

20 periphery of an outer axial end portion of the corresponding opening 152 
provided in the outermost refractory concrete layer 113b. A rectangular 
iron frame 159 is wound around|onjan outer axial end portion of the 
refractory concrete block 155 and also fits in the rectangular iron frame 
156 such that the corresponding electrode unit 157 with the rectangular 

25 iron frame 159 is slidabl^y moved into/out of the opening 152. 

The decomposed gas harm eliminating device 3b has a plurality of 
inspection openings 160 provided above subchambers 110b, HOe and llOg 
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m FIGS. 9 and 10 and open in the upper surface thereofisuch that degrees _j l hU 
of deteriorations in the second ballsl40 and the refractory concrete block -fyp* & $? 

are inspected and/or, if necessary, the second balls 140 are replaced with J - ^^° h) ^) Jta* 
another plurality of ones through the respective inspection openings. Lq ^ » 

5 The form of the decomposed gas flow paths is freely desi^able..for ~ ca p?^ 

example, ^o as to bej straight or zigzag, depending on the kinds and ^^<r<^ ' 

concentration of harmful substances contained in the decomposed gases 
and the quantities of the wastes to be decomposed. The number of 
subchambers filled with the second balls 140, and the quantity of second 

10 balls 140 may be adjusted appropriately. While in the present 

embodiment the decomposed gas flow paths are illustrated as extending 
horizontally, ^they may extend vertically. 

A plurality of decomposed gas harm ehminating devices 3b may be 
attached to the thermal decomposition apparatus 3a depending on the 

15 quantities of wastes to be decomposed and the quantities of decomposed 
gases to be produced. Thus, this^|tpplie^to facilities which treat of a large 
amount of wastes. 

A method of thermally decomposing wastes, using the thermal 
decomposition apparatus 3, will be described next. The door 22 of the 

20 thermal decomposition device 3a of the thermal decomposition apparatus 3 
is opened, and the wastes are then input into the heating chamber 10 so as 
to placed over the plurality of balls 40. The vacuum pump 151 is then 
activated to evacuate the heating chamber 10 of the thermal decomposition 
device 3a and the decomposed gas heating chamber 110 of the decomposed 

25 gas harm eliminating device 3b to bring about a vacuun^tate](for example, 
of either a high vacuum of about 6.7 x 10 2 Pa or a lower vacuum of about 
0.02-0.06 MP a). Thus, the plurality of balls 40 within the heating 
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chamber 10 and the plurality of second balls 140 within the decomposed 
gas heating chamber 110 are also placed in the vacuum^statj. 

A required voltage is then applied across each pair of carbon 
electrodes 30 and each pair of carbon electrodes 130 to cause electric 
5 discharges /Between! the plurality of balls 40 and I>etween( the plurality of 

second balls 140, respectively. The plurality of pairs of carbon electrodes^ /> Jl 

are connected in series with a power supply (not shown). ^Althoug^theyj ^ 
may be connected in parallel with the power supply^the series connection 
of the plurality of pairs of carbon electrodes desirably brings about a higher 
10 discharge efficiency and a higher temperature. 

Since the discharge regions are at a high temperature of about 

3000 °C, the wastes are thermally decomposed into gases as in the first 

embodiment. The decomposed gases are discharged from the outlet port 

"ho 

21 and fed through the connecting pipe lOl^romJthe inlet port 120 into the 
15 decomposed gas heating chamber 110 of the decomposed gas harm 

ehminating device 3b. 

The introduced decomposed gases come into contact with the 

electric discharges (sparks) occurring between the plurality of second balls 

140 to be heated to a high temperature of about 3000 °C. Thus, when 
20 hydrocarbon'compounds, carbon dioxide and harmful substances such as 

dioxin are contained in the decomposed gases, they are thermally 

decomposed into harmless gases, which may contain remaining 

hydrocarbon compounds and/or the harmful substances or metals. 

However, these substances are adsorbed by the filter 150 or Bincho 
25 charcoal filter 158 and hardly discharged out of the thermal decomposition 

apparatus 3 to the outside. 

The decomposed gas harm ehminating device 3b may comprise at 
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least one of (a) a second vacuum meter (not shown) for measuring the 
pressure within the decomposed gas heating chamber 110 and second 
pressure adjusting means (not. shown) for adjusting to a predetermined 
value the pressure within the decomposed gas heating chamber 110 based 
5 on a measured value of the second yacuum meter; (b) second intervening 
spacer which contain' carbon as ^maiii^ingredient (not shown) provided 
between the plurality of second balls 140 and at least portions of the inner 
wall of the decomposed gas heating chamber 110 with which the plurality 
of second balls 140 would otherwise contact; (c) portions of the inner wall of 

10 the decomposed gas heating chamber 110 with which the plurality of 
second balls 140 contact, and being composed of a monolithic refractory 
containing at least one selected from the group of boron nitride, niobium, 
silicon carbide, boron carbide, magnesium oxide, hafnium oxide, hafnium 
dioxide, and beryllium aluminum oxide; and (d) pairs of second electrodes 

15 at least part of which takes the form of a rod or horn (not shown) 
surrounded by the plurality of second balls 140. 

(Fourth Embodiment) 

FIG. 11 is a vertical cross -sectional view of a thermal decomposition 
20 apparatus 4 for wastes as a fourth embodiment as viewed from its front. 

FIG. 12 is a horizontal cross-sectional view taken along a line D~D of FIG. 

11. The same reference numeral is used to denote identical or similar 

elements of the thermal decomposition apparatus^, PL and/Tof the first, 

third and fourth embodiments. 
25 The thermal decomposition apparatus 4 of the fourth embodiment 

comprises the thermal decomposition device 3a and the decomposed gas 

harm eliminating device 3b of the third embodiment combined as a unit 
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and is similar in composition to the thermal decomposition apparatus 1 of 

the first embodiment except that the thermal decomposition apparatus 4 

takes the form of a rectangular parallelepiped (the thermal decomposition 

apparatus 1 of the first embodiment takes the form of two/piled] 

fat k*A ^ *f>* -H* 

5 rectangular parallelepiped^ and that the heating chamber 10 has a 

different internal composition. Thus, further description of the identical 
composition will be omitted and only their different structural portions will 
be described next. 

Provided on top of the heating chamber 10 is a decomposed gas 
10 heating chamber 110 partitioned by horizontal and vertical partitions 16 
and 18 of a heat-resisting firebrick. The vertical partition 18 has a 
plurality of JthroughJ holes 118 as inlet ports for the decomposed gas. A 
portion of the innermost refractory concrete layer 13a facing the outlet port 
21 has a plurality of^hrough) holes 115 which places in fluid 
15 communication the heating chamber 110 and the outlet port 21 also 
functioning as an outlet port for harmless gases. 

In such arrangement, the decomposed gases produced from the 
wastes by thermal decomposition are introduced from the heating chamber 
10 through the^hrough^holes 118 into the heating chamber 110, and then 
20 through the (forough^holes llS^oi^the outlet port 2l^to the outside of the 
thermal decomposition apparatus 4. 

The sizes and shapes of the(throughjholes 115 and 118 are not 
especially limited if the plurality of second balls 140 do a not pass through 
thj$se holes. If the second balls 140 each tak^the form of a sphere, the 
25 shape of the^hroughj holes 115 and 118 each^taki the form of a triangle 
jpreferabl^. The ^roughj holes 115 and 118 each may take the form of a 
horizontal or vertical slit. For example, instead of using partitions 18 
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withj^roughjholes 118, a plurality of ceramic pillars may be arranged in 
parallel to form a plurality of spaced slit-like holes 118, which serve to 
increase the opening areafsjof the |^rough|holes 115 and 118. Thus, use of 
the plurality of slit-like holes 115 and 118 is preferable when a large 
5 amount of decomposed gas flows through the holes. 

The heating chamber 110 is filled with the plurality of second balls 
140 each in thetformjof a sphere. Thus, they are in point contact one with 
another. A second light emitting heateyj/consists of) the plurality of second 
balls 140. 

10 A pair of second electrodes consisting of two plate-like carbon 

electrodes 130 are each disposed on ^respective one dfboth ends of the 
decomposed gas heating chamber 110 (provided in an upper portion of the 
heating chamber 10) filled with the second balls 140. Each carbon 
electrode 130 has a carbon rod 131 attached thereto extending axially 

15 outward through the corresponding outer wall 11 of the decomposition , 
apparatus 4. The carbon rod 131 may be replaced with a hea^jresis^ngj 
refractory stainless steel rod. It is to be noted that if a stainless steel rod 
extends through the corresponding carbon electrode 130 so as to be in 
contact with the second balls 140, the portion of the stainless steel rod in 

20 contact with the second balls 140 should be covered wdth a carbon material 
so as to prevent its deterioration. 

An opening 152, similar to the opening 52 provided for each of the 
pair of carbon electrodes 30 is provided for each of a pair of carbon 
electrodes 130 in the decomposition apparatus 4 for inspection and 

25 maintenance of the inside of the heating chamber 110 (inspection of 

[degrees of/deterioration^ir^and replacement! of, the second balls 140 and 
the carbon electrode I3(^ncernecj[). v 


35 

Each ceramic cover 153 is fixed with bolts 154 to the outer wall 11 
through a refractory sheet (or seal) (not shown) so as to cover a 
corresponding opening 152 to thereby maintain sufficiently the inner 
airtightness of the decomposition apparatus 4. Since each refractory 
5 concrete block 155 is fitted between the corresponding carbon electrode 130 
and the ceramic cover 153, the temperature^nraintenancej^athin the 
decomposition apparatus 4 is sufficientlj^gLchieved/ Each ceramic cover 
153 may be replaced with an iron cover coated with an insulating material. 
The refractory concrete block 155 may be replaced with a refractory 

10 firebrick block. 

Each ceramic cover 153, a corresponding refractory concrete block 
155, a corresponding carbon electrode 130, and a corresponding carbon rod 
131 compose a united electrode unit 157. TThus, only by replacing an old or l^t^s ^ 
defective electrode unit 157 with a new one without replacing the ceramic Jj^J^r 

15 cover 153, refractory concrete block 155, carbon electrode 130 and carbon- nOaJhj^ , / 
rod 131 separately, the old or defective carbon electrode 130 is replaced ^ 
with a new one easily^ 

A rectangular iron frame 156 is provided so as to fit fixedly into an 
edge of the corresponding opening 152 at its edge to thereby cover a 

20 corresponding portion of the refractory concrete layer 13b. A rectangular 
iron frame 159 fits fixedly over an outer axial end portion of the refractory 
concrete block 155 and also fits in the rectangular iron frame 156 such that 
the corresponding electrode unit 157 with the rectangular iron frame 159 is 
slidab^y moved into/out of the opening 152. 

25 The decomposition apparatus 4 has an inspection opening 160 

provided above the heating chamber 110 and open in the upper surface * 
[^hereof such that degrees of deteriorations in the second balls 140 and thej 
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^refractory concrete block are inspected and/or that, if necessary, the second 
balls 140 are replaced with another plurality of ones through the respective 
inspection openings?^ 

The composition of the heating chamber 110 and the quantity of the 
5 second balls 140 may be adjusted depending on the kinds and 

concentrations of harmful substances contained in the decomposed gases 
and the quantity of wastes to be decomposed. 

A portion of the thermal decomposition apparatus 4 corresponding 
to the decomposed gas harm eliminating device 3b may comprise at least 
10 one of the same elements (a) -(d) as were described above with respect to 
the decomposed gas harm ehminating device 3b of the third embodiment. 

A method of thermally decomposing the wastes, using the thermal 
decomposition apparatus 4, wall be described next. The door 22 of the 
thermal decomposition apparatus 4 is opened, and the wastes are then cast 
15 into the heating chamber 10 so as to placed over the plurality of balls 40. 
The vacuum pump 51 is then activated to evacuate the thermal ? 
decomposition apparatus 4 to bring about a vacuum^tate](for example, of 
either a high vacuum of about 6.7 X 10' 2 Pa or a lower vacuum of about 
0.02-0.06 MP a). Thus, the plurality of balls 40 within the heating 
20 chamber 10 and the plurality of second balls 140 within the decomposed 
gas heating chamber 110 are also placed in the vacuum^tatej 

A required voltage is applied cross each of the first and second pairs 
of carbon electrodes 30 and 130 to cause electric discharges /between^ the 
plurality of first balls 40 and^betweeg the plurality of second balls 140. 
25 |Sincejthe respective discharge regions are at a high temperature of about 
3000 °C and hence the wastes are thermally decomposed into gases as in 
the first embodiment and introduced through the respective groups of 
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(^roughjholes 118 into the decomposed gas heating chamber 110. (SinceJ 
"j£he discharge regions occurring between the plurality of second balls 140 
are also at a high temperature of about 3000 °C,^the decomposed gases in 
contact with the discharge regions are also heated to about 3000 °C. Thus, 
5 even when hydrocarbon compounds, carbon ^ioxidgl and harmful 
substances such as dioxin remain in the decomposed gases, they are 
thermally decomposed into harmless gase^ Furthermore, the harmless 
gases pass through the^hroug^ holes ll^andjthe filter 50. Thus, even 
when hydrocarbon compounds and harmful substances still remain in the 

10 harmless gases, or even when the harmless gas contains metals, they are 
adsorbed by the filter 50 without being {almost} discharged out of the 
thermal decomposition apparatus 4,^ndjonly harmless low 
molecular-weight substances/arejdischargedfiut of the apparatus 4. 

A small compact thermal decomposition apparatus for wastes in 

15 which the thermal decomposing device and the decomposed gas harm 
eliminating device are combined as a unit is greatly suitable for use in 
small-scaled facilities which discharge a small amount of general wastes. 

(Fifth Embodiment) 

20 FIG. 13 is a vertical cross-sectional view of a thermal decomposition 

apparatus 5 for wastes as a fifth embodiment as viewed from its side. The 
same reference numeral is used to denote identical or similar elements of 
the thermal decomposition apparatus 5, 1, 3 and 4 of the first, third and 
fourth embodiments. 

25 The thermal decomposition apparatus 5 of the fifth embodiment 

comprises the thermal decomposition device 3a and the decomposed gas 
harm eliminating device 3b of the third embodiment combined as a unit as 
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in the fourth embodiment and is similar in composition to the thermal 
decomposition apparatus 4 of the fourth embodiment except that the 
thermal decomposition apparatus 5 is of a larger-scaled type and that the 
heating chamber 10 has a different mternalXompositionji Thus, further 
5 description oJ^h^dentical^ompositioiy\\dll be omitted and only their 
different structural portions will be described next. 

Provided on top of the heating chamber 10 is a decomposed gas 
heating chamber 110 partitioned by horizontal and vertical partitions 16 
and 18 of a hea|J:esis^ngjfirebrick as in the decomposition apparatus 4 of 

10 the fourth embodiment. The vertical partition 18 has a plurality of 

^throughjholes 118 as inlet ports for the decomposed gas. A portion of the 
innermost refractory concrete layer 13a facing the outlet port 21 has a 
plurahty of^hroughjholes 115 which place in fluid communication the 
heating chamber 110 and the outlet port 21 A also functior^ig^as an outlet 

15 port for harmless gases. 

The decomposed gas heating chamber 110 is separated by a 
plurahty of (2 in FIG. 13) spaced partitions 116 of a refractory firebrick into 
a plurality of (3 in FIG. 13) subchambers 110a, 110b, 110c arranged 
longitudinally (£ight and left/in FIG. 13) within the apparatus 5. The 

20 foremost subchamber 110a (the left one in FIG. 13)^fLuid communicat^^f 
through holes 118 with the heating chamber 10 whereas the rearmost 
subchamber llOcJluid communicat^ through holes 115 with the outlet 
port 21. Each partition 116 has a plurahty of^hroughj holes 117 provided 
at equal intervals through its length so as to place adjacent subchambers 

25 in fluid communication. 

In such arrangement, the thermally decomposed gases produced 
from the wastes are introduced from the heating chamber 10 through the 
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/througlj holes 118 into the decomposed gas heating chamber 110, and 
thence pass through the subchamber 110a,(through^holes 117, subchamber 
110b, j&roughjholes 117, subchamber 110c, j&roughjholes 115, and then 
discharge from the outlet port 21 to the outside. 
5 The subchambers (110a, 110b in FIG. 13) other than the rearmost 

subchamber 110c are filled with a plurality of second balls 140 each in the 
/form^of a sphere, (whicl^baUsJare^in point contact one with another. A 
second light emitting heater consists of the plurality of second balls 140. 
The rearmost subchamber 110c is filled with a fiber-like active 

10 carbon filter 50. It is to be noted that no active carbon filter is provided 
within the exhaust pipe 23. The filter 50 may be replaced with a 
particulate active carbon filter. A filter of a material other than carbon 
may be used if it has sufficient absorptivity. 

The sizes and shapes of the IhrougH holes 115, 117 and 118 are not 

15 ^pecially^hmited^(the second balls 140 do not pass through th^se holes. 
If the second balls 140 each take the form of a sphere, the shape of the 
|t£roughj holes 115, 117 and 118 each^take the form[of a triangle^preferably/ 
The^throughfholes 115, 117 and 118 each may take the form of a horizontal 
or vertical slit. For example, instead of using the partitions 116 with 

20 ^hroughjholes 117, a plurality of ceramic pillars may be arranged in 
parallel to form a plurality of spaced slit-lik:e holes 117, which serve to 
increase the opening are^Sj of the^hrougb^holes 115, 117 and 118. Thus, 
use of the plurality of slit-like holes is preferable when a large amount of 
decomposed gas flows thorough them. 

25 A pair of second electrodes consisting of two plate-hke carbon 

electrodes (which are not shown in FIG. 13, but which have a similar 
composition to the pair of carbon electrodes 130 in the fourth embodiment) 
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are each disposed on a^respective one of both^sid^of each subchamber 
filled with the second balls 140. Each carbon electrode has a carbon rod 
(which is not shown in FIG. 13, but which has a similar composition to the 
carbon rod 131 in the fourth embodiment) attached thereto and extending 
5 axially outward through the corresponding outer wall 11 of the 
decomposition apparatus 5. 

In the thermal decomposition apparatus 5 (not shown in FIG. 13), 
the compositions of the carbon electrodes and rods, electrode units and 
openings are similar to those of the electrode units 157 and openings 152 of 

10 the thermal decomposition apparatus 4 of the fourth embodiment, and 
further description thereof will be omitted. 

The decomposition apparatus 5 has three inspection openings 160 
each provided above a respective (6ne of thejsubchambe^ 110a, 110b and 
110c and open in the upper surfaceAhereof such that degrees of ^*««o* ^° 

15 deteriorations in the second balls 140 and the refractory concrete blocks / - /t ? ^ 
are inspected and/or that, if necessary, the second balls 140 are replaced omc* / 
with another plurality of ones through the respective inspection openingsj ^j/s /^°) j 

In the decomposition apparatus 5, the size of the heating chamber i^M^*^^ 
10 may be adjusted depending on the kinds and quantity of the wastes to ^^^ks 

20 be decomposed. Furthermore, the number of subchambers each filled -with 
the second balls 140 and the quantity of second balls 140 may be adjusted 
appropriately depending on the kinds and concentrations of the harmful 
substances contained in the decomposed gases. 

A portion of the thermal decomposition apparatus 5 corresponding 

25 to the decomposed gas harm eliminating device 3b may comprise at least 
one of the same elements (a)-(d) as were described above with respect to 
the decomposed gas harm eliminating device 3b of the third embodiment. 


10 
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A method of thermally decomposing the wastes, using the thermal 

decomposition apparatus 5, will be described next. The door 22 of the 

thermal decomposition apparatus 5 is opened, and the wastes are then cast 

be/ 

into the heating chamber 10 so as to^placed over the plurality of balls 40. 

The vacuum pump 51 is then activated to evacuate the thermal^, 

decomposition apparatus 5 to bring about a vacuun^tateKfor example, of 

either a high vacuum of about 6.7 x 10* 2 Pa or a lower vacuum of about 

0.02-0.06 MPa). Thus, the plurality of balls 40 within the heating 

chamber 10 and the plurality of second balls 140 within the decomposed 

gas heating chamber 110 are also placed in the vacuun^stat^. 

A required voltage is applied cross each of the first and second pairs 

of carbon electrodes (none of them are shown in FIG. 13) within the 

heating chambers 10 and 110 to cause electric discharges /between) the first 

plurality of balls 40 and /^etw eery the second balls 140. feincejthe 

15 respective discharge regions are at a high temperature of about 3000 °C 

and hence the wastes are thermally decomposed into gases as in the first 

embodiment and introduced through the respective groups ofjjfchrougj^ holes 

118 into the decomposed gas heating chamber 110. jSmcj^Ihe discharge 

regions occurring(betweer^the second balls 140 are also at a high 

20 temperature of about 3000 °C, A the decomposed gases in contact with the 

A 

discharge regions are also heated to about 3000 °C while the decomposed 
gases are passing through the subchambers (110a, 110b in FIG. 13). Thus, 
even when hydrocarbon compounds, carbon^dioxid^, and harmful 
substances such as dioxin remain in the decomposed gases, they are 
25 thermally decomposed into harmless gases. 

Furthermore, the harmless gases pass through the filter 50. Thus, 
even when hydrocarbon compounds, harmful substances and metals still 
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remain in the harmless gases, they are adsorbed by the filter 50 without 
b em gjalmostj discharged out of the thermal decomposition apparatus 5, and 
only harmless low molecular-weight substances are discharged out of the 
apparatus 5. 

5 The large-scaled thermal decomposition apparatus 5 which 

comprises the thermal decomposition device and the decomposed gas harm 
eliminating device united as a unit thermally decomposes a large amount 
of waste compared to the thermal decomposition apparatus 4 of the fourth 
embodiment. Thus, the thermal decomposition apparatus 5 is greatly 

10 suitable for use in facilities (an eating house or restaurant, hospital or 
factory) which produce a large amount of waste compared to general 
households. 

The thermal decomposition apparatus 5 may be further increased 
in size. In this case, it is capable of disposing of a large amount of wastes, 
15 so that it is suitable for use in facilities (for example, a large-scaled factory) 
which discharge a large amount of wastes. 

(Sixth Embodiment) 

In the thermal decomposition apparatus 1-5 of the first-fifth 

20 embodiments, at least portions of the inner walls (made of the refractory 
concrete layer 13a and the heat-resisting refractory firebrick layer 14) of 
the heating chamber 10 or at least portions of the inner walls (the 
refractory concrete layer 113a and heat resisting firebrick (not shown)) of 
the heating chamber 110 with which the first or second balls 40 or 140 are 

25 in contact may each comprise a plurality of convexities to thereby reduce 
the respective quantities of the first^or second balls #0 or(140. 
FIGS. 14 (a) and (b) are a vertical cross-sectional view 
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(corresponding to FIG. 3) and a horizontal cross-sectional view, respectively, 
of a lower portion of the heating chamber 10 of the thermal decomposition 
apparatus 1-5 for wastes. The same reference numeral is used to denote 
the identical or similar elements of the first and sixth embodiments. 
5 The thermal decomposition apparatus of this embodiment is 

similarly in composition to that of the first embodiment and further 
description of the identical or similar structural elements thereof wall be 
omitted and only different structural portions thereof wall be described 


next. 



10 The heating chamber 10 has on its bottom (made of a heat$resist£ng[ 

refractory firebrick layer 14) a plurality of equally spaced parallel convex 
spacers of a triangular cross-section 15 extending by a length equal to a 
related pair of electrodes 30 perpendicular to the surfaces of the pair of 
carbon electrodes 30. 

15 A plurality of balls 40 are disposed in groups between the 

respective parallel spacers 15. The number of balls 40 is reduced due to 
fact that the plurality of balls 40 are divided by the spacers 15 into a 

plurality of groups, and the use of the inclined surfaces 15a of the spacers ~a 0 .1z*^ 
15. Thus, a quantity of electric power ^o be use^is-reduce^economicallj, s 
20 The spacers 15 may have the same quality as the inner wall of the 

heating chamber 10 (refractory concrete or heatfcesisfm| refractory 
firebrick) or carbon such as high[;!density impermeab^t^carbon or graphite. 
If the spacers 15 produce effects such as were mentioned above, the shape 
of the spacers 15 is not limited to a triangle in cross section. 


(Seventh Embodiment) 

A thermal decomposition apparatus 7 of this embodiment comprises 
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I* 

a group of intervening pillar-Eke impermeability carbon spacers 19 of a 
semicircular cross section provided, respectively, between the inner wall (of 
the refractory concrete layer 13a and heat^esistj^ refractory firebrick 
layer 14) of the heating chamber 10 and the plurality of balls 40 or between 
5 the inner wall (of the refractory concrete layer 113a and healf-Jresistjmej] 
refractory firebrick layer (not shown)) of the heating chamber 110 and the 
plurality of second balls 140 in the relevant thermal decomposition 
apparatus 1-5 of the first-fifth embodiments. Thus, the plurality of balls 
40 or 140 are not in contact with the inner wall of the heating chamber 10 

10 or 110, so that the probability that the inner walls of the heating chambers 
will be deteriorated or melted due to high temperatur^produced from the 
plurality of balls 40 or 140 is reduced. 

The intervening spacers 19 each may take the form of a pipe of a 
semicircular cross section or the form of a plate so as to cover a portion of 

15 the inner wall of the heating chambers with which the plurality of balls 40 
or 140 would otherwise contact. 

FIG. 15 is a vertical cross -sectional view^ of the thermal 
decomposition apparatus 7. The same reference numeral is used to denote 
the identical or similar elements of the thermal decomposition apparatus of 

20 the first and seventh embodiments. 

The thermal decomposition apparatus 7 of the present embodiment 
is similar ix^£omposition\ to that of the first embodiment, and further 
description of the same similar structural portions thereof wall be omitted 
and only different structural portions thereof will be explained next. 

25 A plurality of intervening spacers 19 having a semicircular cross 

section are provided at predetermined intervals parallel to, and between, 
the surfaces of a pair of plate-like carbon electrodes 30 on the bottom (of a 
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hea|^esisl[in^refractory firebrick 14) of the heating chamber 10. A second 
plurality of intervening spacers 19 having the same cross section are 
disposed perpendicular to the bottom of the heating chamber 10 along its 
lower inner portion (with which the plurality of balls 40 would otherwise 
5 contact) at the predetermined intervals between the pair of carbon 

electrodes 30 such that their flat surfaces are in contact with the inner wall 
or bottom of the heating chamber 10 with their cylindrical surfaces facing 
the heating chamber 10. The interval between any adjacent intervening 
spacers 19 is smaller than the diameter of one of the balls 40 used. 

/ tr- 
lO The spacers 19 are each made of high-density impermeat^ht^j 

carbon and graphite. 

The spacers 19 may be disposed perpendicular to the surfaces of the 

pair of plate-like carbon electrodes 30. 

The spacers 19 may include pillars of a circular cross section buried 

15 partly in the inner wall and bottom of the heating chamber 10 such that 

they protrude in 1/2-2/3 of their diameter into the heating chamber 10. 

As described above, the plurality of intervening spacers of a 

semicircular cross section 19 are provided between the inner wall of the 

heating chamber 10 and the plurality of balls 40 to separate the inner wall 

20 and bottom of the heating chamber 10 from the plurality of balls 40. Thus, 

there i^ubstantially nojprobability that the inner wall and bottom of the 

heating chamber 10 will be deteriorated and/or melted by heat. 

Since the intervening spacers 19 each have a circular surface, they 

are in point contact with the plurality of balls 40. Thus, no general 

25 electrically conductive state occurs^butj electric discharges with high 

efficiency are achieved. 

In addition, since the intervening spacers 19 in contact with the 
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plurality of balls 40 are each made of higHrJdensity impermeal^ty}carbon 

even when the light emitting heater 41^are}ieated to 

about 5000 °(^beyond 3000 °C, th^withstand that temperature. ^ 

The spacers 19 may be made of refractory concrete or hea^esisj£ng? 

refractory firebrick asAnJthe material of the inner wall of the heating 

7 ■■ ^ . o*\" 


chamber 10. £n that case)jjIowever, it has[only^heat resistance^ to about 
3000 °C. 

In the present embodiment a voltage applied first is 400-500 V to 
thereby feed high power to the light emitting heater 41 to thereby increase 

10 their temperature to 5000 °C rapidly, at which temperature almost all 

materials and gases are decomposed^ncludingjvei^ash^which includes^ h9 m^5 
jfeavingspi general incineratorsjto leave nothing^ Since the decomposing 
speed is high, a large amount of wastes Continue to bej decomposed ro/^/ r\*Ao&jly 
gonstantl^ Once the heating chamber reaches 5000 °C,^about 30 Vjwill 

15 suffice for the voltage] applied across the pairs of carbon electrodes and 
hence A the decomposition apparatus l^s operated aglow|costj. 

Even when the light emitting heater 41 ^rj heated to a high 
temperature of about 5000 °C, the heating chamber 10 is in an oxygen|ess] 
or vacuum Jstat^ Thus, a positioijjcfistant from] about 20-30 cm from the 

20 fight emitting heater 41 is at a very low temperature and hence there is no 
need for cooling the thermal decomposition apparatus 7. 

A The invention effectively uses the physical property of 
superconductivity that carbon and graphite exhibit at ultrahigh 
temperatures. 

25 By applying the structures of the inner wall and bottom of such 

heating chamber 10 to the decomposed gas harm efiminating device 3b, the 
decomposed gases are made harmless efficiently 
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A thermal decomposition apparatus 7 may be operated in a manner 
similar to that mentioned above in a state where a light emitting heater 
unit comprising the plurality of spacers 19 and the plurality of balls 40 as a 
unit is disposed between the pair of carbon electrodes 30. 
5 An example of such^mposition^will be described with reference to 

FIGS. 16 and 17. FIG. 16 is a perspective view of a mount 80 on which 
the plurality of intervening spacers 19 are to be fixed. FIG. 17 (a) and (b) 
are a side view and a plan view of the mount 80 on which two groups of 
spacers 19 are fixed. 

10 The mount 80 includes a rectangular frame 8 lwhich has downward 

extending legs 82. Additional legs 82 may be provided at corresponding 
midpoints of respective sides of the frame 81. 

A plurality of horizontally extending intervening spacers 19 of a 
circular cross section are fixed at predetermined intervals across a pair of 

15 parallel sides of the frame 81. A second pair of upward extending 

intervening spacers 19 are fixed at their lower ends parallel to each other 
to the pair of parallel sides of the frame 81. The interval between any 
adjacent spacers 19 should be smaller than the diameter of each^balls 40. 
Each spacer 19 may have a semi-circular cross section. A plurality of balls 

20 40 are placed on the plurality of horizontally extending spacers 19 fixed on 

the mount £pin a space surrounded by the second plurality of spacers 19 to 

form a united light emitting heater unit comprising the plurality of balls 

and the first and second plurality of spacers. 

Since the plurality of balls 40 are surrounded by the intervening 

25 spacers 19 disposed on the bottom and periphery of the mount 80, the 

or* 

plurality of balls 40 are not in contact with the inner wall fimdJbottom of 
the heating chamber 10, which therefore ar^ardly^deteriorat|,cf and/or 
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melt|c$by the heat produced within the heating chamber 10. 

Since the respective spacers 19 each have a circular cross section, 
they are in point contact with the balls 40. Thus, no regular electric 
conduction occurs ^ul^electric discharges with high efficiency £ccuj. 

5 If the thermal decomposition apparatus 7 further has an opening in 

its front for moving the light emitting heater unit into and out of the 
heating chamber in addition to the openings 52 each provided onja 
respective one of th^ opposite sides of the decomposition apparatus 
replacement of the plurality of balls 40^s greatly facilitated^ 

10 ^dvantageouslyj In addition ^cleaning a small amount of^eavingsj, and 

repair, inspection and replacement of the light emitting heater unit and the 
electrode unit 57 ^an be easily performed in three directions, 
advantageous!^ 

The intervening spacers 19 are each made of higH?density 

15 impermeat^t^carbon and graphite. The material of the mount 80 is not 
limited as long as it has sufficient heat resistance. A simple iron plate will 
suffice for the mount 80 and hence repair, inspection and/or replacement of 
the light emitting heater unit is easily performed. 

20 (Eighth Embodiment) 

A thermal decomposition apparatus of this embodiment comprises a 
combination of each of the thermal decomposition apparatus 1-5 and 7 of 
the first-seventh embodiments with a plurality of pairs of horn-like or 
sharp-tipped rod electrodes 30a/130a each pair of horn electrodes 30a/l30a 

25 being provided on a respective one of the corresponding pair of plate-like 
carbon electrodes 30/130 so as to extend axially inward perpendicular to 
the corresponding surface of the carbon electrode 30/130. FIG. 18 is a 
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perspective view of a pair of horn electrodes 30a attached to a carbon 
electrode 30. 

In such arrangement, the number of points where the first/second 
plurality of balls 40/140 are in contact with the corresponding electrodes 
5 30/130 increases to thereby increase the discharge efficiency and hence to 
obtain a high temperature of about 3000 °C in a shorter time than the 
other embodiments. 

The horn-like or sharp-tipped electrodes 30a/l30a may be replaced 
with corresponding polygonal pillar-electrodes although the latter is 
10 somewhat inferior in point contact compared to the former. The electrodes 
30a/130a are not necessarily required to have a sharp tip f^rjmay take the 
. form of a rod. Although a pair of horn electrodes 30a/130a are preferably 
attached perpendicular to the corresponding surface of a plate-like carbon 
electrode, they are not necessarily required to be so. The number of horn 
15 electrodes 30a/l30a to be attached to one plate electrode is not -limited, but f*^ q ^^ 
jusuall^about 1-5. The horn electrodes 30a/130a are usually^the same in 
material as the carbon electrodes 30/130. 

(Ninth Embodiment) 

20 A thermal decompositions apparatus of this embodiment comprises 

an improvement to the thermal decomposition apparatus T5 and 7 of the 
first-eighth embodiments which in turn comprises at least portions of the 
inner walls (refractory concrete layer 13a and heat^esis$n||firebrick 14) of 
the heating chamber or at least portions of inner walls (refractory concrete 

25 layer 113a and heat$resist£n^ firebrick (not shown)) of the heating chamber 
110 with which the plurality of balls 40 or 140 contact are composed of a 
monolithic refractory (refractory concrete or heatj^esist£ngj firebrick) 
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containing boron nitride. 

Boron nitride has a melting point of 3000 °C anc^ha^ an electric^ 
or 

insulatjio^ at high temperatures. Thus, the portions of the inner walls of 
the heating chamber 10 or 110 with which the plurality of balls 40 or 140 
5 contact have improved heat resistance such that they^re hardly^ A£ 5 ' r ^ 
deteriorat^^melt^dfeven at a high temperature of about 3000 °C. 

/Instead of {he monohthic refractory containjuag boron nitride, a 
monohthic refractory containing at least on^selected from the group^of 
boron nitride, niobium, silicon carbide, boron carbide, magnesium oxide, 
10 hafnium oxide, hafnium dioxide, and beryllium aluminum oxide. 

A method of making, and a physical property of, first and second 
pluralities of balls 40 and 140 each made of graphite yjused in the above 
respective embodiments, will be described next in detail. 


15 (Example l) 

Fifty five weight parts of phenol resin was mixed with 45 weight 
parts of acrylic fiber having a length of 0.1-0.5 mm. Instead of the phenol 
resin, a polydivinyl benzene resin may be used. Instead of acrylic fiber, 
animal/plant fibers or a mixture of acrylic fibers and animal/plant fibers 

20 may be used. Those fibers such as the acrylic fibers were carbonized in 
the process of making the halls for the fight emitting heater to become 
carbon fibers within the balls. 

The above mixture of phenol resin and acrylic fiber was filled into a 
mold, and then heated and pressed sufficiently to cure the phenol resin to 

25 form spheres (for example, of a diameter of 33 mm). The molding may 

take the form of a hemisphere, rectangular parallelepiped or pillar. In the 
case of hemisphere, two hemispheres ^ere^joined to form a sphere in this 
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stage. Thpse molc^n^ may have holes or concavities into which desired 
ingredients are to be injected. 

The mold|n|^ were then subjected to a flame resistance process at 
250-300 °C, and then carbonized at 1000-1500 °C under an inert gas. The 
5 obtained carbon was then graphitized at 2000-3000 °C f$ and the graphite . 
was then subjected to a sizing process (surface processing). 

In the carbonization and graphitization, the half-finished product 
graphite was burnt repeatedly in an inert gas under an isotropic pressure 
of not less than 30 MPa in hot isostatic pressing (HIP) to increase the 
10 density of the graphite. The HIP is also a method capable of applying 
isotropic pressure to a sphere. 

on 

General graphite or carbon has(in)its surface and inside many pores, 
whose total surface is generally about 25 % of the whole surface area 
thereof. By the above-mentioned process, the total area of the pores^njthe 

15 surface and inside of the graphite was reduced to 10 % or less of the whole 
surface area of the graphite and according to circumstances, to 5 % or less. 

By using a phenol resin as a filler, graphite having a relatively 
small number of pores was obtained. By furth ^burning this graphite 
under pressure as described above, impermeal^lit^graphite of a higher . 

20 accuracy was obtained. [Suc^mpermeabiht^ graphite^ad corrosion 

resistance tcj almost all chemicals in a wide practical range of temperatures. 
It also had very highfheatl conductivity compared to general corrosion 0 
resistance materials. It also had a high thermal stabilit^hich was o^ojpIs oiuerK 
hardly affected adverseljjbyj rapid changes in the temperature thereof. 

25 The quantity of the phenol resin to be added is preferably in a 

range of 10-60 A weightjpart^. When the quantity of the phenol resin 
exceeds 6^^eig^E art ^ ^ e specific gravity of the resulting 
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k fronds 
lmpermeal^it^ graphite is reduced and/bubbles) are liable to be^roduced-J 

within the graphite and/or unhardened portions |geMike portions) are 

hable to remain within the graphite. In addition, in the carbonization and 

graphitization, pressure is difficult to apply isotropically to the graphite^ ^cnwd* lo 

5 If the quantity of the phenol resin is less than 10 weight parts, it is difficult ' ^ j 

to mold a mixture of the phenol resin and acrylic fibers as a unit. In order 

to|secularly^prevent the occurrence of such problems, the quantity of the 

phenol resin to be added is preferably^O-SS^veight^artsJ It is to be noted 

that when the thermal shock resistance is considered, the quantity of the 

10 phenol resin is only required to be sufficient to harden the acrylic fibers 
and should be preferably reduced. 

|By such processing, tha halls for light emitting heater S £ach/in the 
form of a sphere^having a diameter of 30 mm/are obtaine^ When the 
^alf-finishe^products^ach}take the form of a rectangular parallelepiped or 

15 pillar, they arefeachiground^cJ^alls taking the forms of a sphere. 

[Sincephe^ejballs are/eacl^ made of impermeat£lit^grapliite ? [the^ 
have^absorptivity of not higher than that of rubber, a strength of two-three 
times that of general graphite, a hardness of not less than 65 (in Example 1, 
68), a density of not less than 1.87 g/cm 3 (adjustable depending on a ratio 

20 in mixture of fibers), a tensile strength of 16.7 MP a, a bending strength of 
35.3 MPa, a compression strength of 98.0 MPa, a modulus of elasticity of 
not less than 12700 MPa, a coefficient of thermal expansion of 3.0 X . 
10' 6 /°C, a thermal conductivity of 151 W/m • °C, and^i heat resistancejof 
a,ho\ci 3000 °C. For chemical property, they exhibit excellent corrosion 

25 resistance to chemicals having a strong acidity such as concentrated 

sulfuric acid and nitric acid, and chemicals having strong alkalinity such as 
sodium hydroxide. It is to be noted that when graphite is made from a 
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phenol resin, its alkalinity can be reduced somewhat. Results of a 
corrosion resistance test are shown in Tables 1-3. The term "all" used in a 
concentration item of each of Tables 1, 2 and 3 represents "all 
concentrations". 

5 Since thefselballs for light emitting heated are made of 

impermeat^it^ graphite, as described above, they have thejflowmJJ -fol/ocOtA^j 
excellent characteristics : 

(l) they are^hardly to b^ deteriorat^djby the chemicals contained in 
the harmful substances mentioned above; . 
10 (2) they^re^if&cult to react with oxyger} in the atmosphere and 

oxygen produced by decomposition of the wastes. Thus, they^re difficult 

lp A pr0tfo*£*»> erf A 

to£ deteriorate) and^roduce fe^ carbon monoxide and/or carbon dioxide; 

^ o^aJ Mjsi^ gv/ riding ^ 

(3) they have a high strength,^ that they are hardly ground/to 

thereby have an high durability; _r 

15 (4) they have only a small number of pores, and henc^^re difficult 

to adsort^harmful substances mentioned above, £fhijj^ adsorb few gas arid 

hence hardly releases the adsorbed gasjat high tempereture^rf anM! 

(5) they exhibit excellent electric and thermal conductivities; and 

(6) they have high resistance to ^hocks due to rapid changes in the 
20 temperature thereof. ' . An ni A 

The balls of Example 1 are usablefevei^in the air/without any 
problems If they are used in a vacuum or oxygenAes^tat^thevfare oxid^n^oj, 
difficult to oxidize/deterioratj^o thatjsucl^(state^is preferableQor use of 
such ballj. Especially, in the vacuum state, the discharge efficiency is 
25 high and high tern per aturqisjjpsily obtained with a small amount of power -fth ' oL/OJ ^ 
jto thereby reduce a cost required for obtaining such high temperaturj. ^ f^^^j c 
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(Table l) 


Chemicals' name 

Concentration 

Temperature 

Corrosion x) 


( % by weight) 

CO 

resistance 

[acid] 




hydrochloric acid 

All 

boiling point 

A 

nitric acid 

10-40 

60 

B 

hydrofluoric acid 

48 

boiling point 

A 

hydrofluoric acid 

48-60 

90 

A 

sulfuric acid 

25 — 75 

130 

A 

U XX KJj IJ 11 _>JL J. _• CL _JLUL 

85 

nm linP" nmnt 

U \J .i-l-L _ 1 C, yj \J XJ. 1 c 

A 

phosphoric acid 

i)D 

100 

A 

v_lll Lfll__l_ Cl. _JL \X 

10 

93 

B 

acetic acid 

all 

boiling point 

A 

nvpli c and 

all 

hnilinp' noint 

A 

sulfuroim spin 


room temp. 

A 

(sulfurous acid gas saturated) 


hydrochloric acid 
(chlorine gas staturated) 

20 

boiling point 

A 

hydrofluoric acid + nitric acid 

, .,*'.,„ - — 

5/15 

93 

A 


l) A'-£ot at all corrodedf /*- poVos^a 
B:|Sardly corrodedj ^J AV c^u^ 


5 (Table 2) 

Chemicals' name Concentration Temperature Corrosion ^ 

(% by weight) (°C) Resistance 

______ . 


rayon spinning solution 


boiling point 

A 

caustic soda aqueous solution 

67 

boiling point 

A 

caustic soda aqueous solution 

67-80 

125 

' A 

[salt aqueous solution] 




zinc chloride 

All 

boiling point 

A 

iron chloride 

All 

100 

A 

sodium chloride 

All 

boiling point 

A 

sodium hypochloride 

5 

room temp. 

A 

ammonium persulfate 

All 

18 

A 

copper sulfate 

All 

boiling point 

A 

[halogen] 




Chlorine 

100 

170 

A 

chlorine water 

Saturated 

room temp. 

A 


l) A-^ot at all corrodedj /n-cr c&\A^<c^r\ 


B : ^ardly corrodedj sffch-t <?c\U>«&*rh 
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(Table 3) 


Chemicals' name 

Concentration 

Temperature 

Corrosion 1 ) 


( % by weight) 

CO 

Resistance 

[organic compound] 




acetone 

100 

boiling point 

A 

ethyl alcohol 

95 

boiling point 

A 

carbon tetrachloride 

100 

boiling point 

A 

ethane tetrachloride 

100 

boiling point 

A 

chloroform 

100 

boiling point 

A 

kerosine 

100 

boiling point 

A 

Dowtherm 2 ) 

100 

170 

■ A 

benzene 

100 

boiling point 

A 

benzene (saturated with 
chlorine) 

100 

60 

A 

benzyl chloride 

100 

170 

A 

methyl alcohol 

100 

boiling point 

A 

monochlorobenzene 

100 

boiling point 

A 


l) A:£ot at all corroded/ /^^<^i^aa^ 


B hardly corroded! ^c^-AW^trTs 
5 2) Heat medium manufactured by the Dow Chemical Co. 


(Example 2) 


|Sinc^^ method of making^his example ^^^larto that of 
Example ^except for the materials to be used,^further description of 
10 portions of the present method similar to those of the method used for 
making Example 1 will be omitted^nd only different portionsjof the 
present method from those of(the method making Example l(will be 
described nex^. 

The balls for light emitting heater^achjin the form of a sphere were 
15 made in a manner similar to^that used for m akin gj Example 1 except that 
graphite powder (99.5 % of fixed carbon having an average grain size of 4 
jj.m) was used instead of the acrylic fibers of Example 1. ^he graphite 
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powder may be replaced with carbon black powder, coke, charcoal powder 
such as Japanese Bincho charcoal powder, or a mixture of at least two of 
those materials. 

The balls for light emiting heaterf/(hus obtainedj exhibited 
excellent characteristics similar to those of the balls for light emitting 
heater" of Example 1. 


(Example 3) 


^Sinceje] method of making ^his example is 


similar to that of 


10 Example except for the materials used, further description of portions of 
the present method similar to those of the method used for making 
Example 1 wall be omittediind only different portions ogthe present 
method from those o method of m akin gjEx ample 1 £\ill be described 

15 Fifty five^weight^art^of a phenol resin, 40^weightjparts^of graphite 

powder (including 99.5 % of fixed carbon having an average grain size of 4 

mattri L$ , n dgCtf^ oM$am a^Out) 

jum), and 5/weigEt^arts/of carbon fibers were mixed, jhistead of the _ 
phenol resin, a polydivinyl benzene resin may be used. ;^he graphite 
powder may be replaced with carbon black powder, coke, charcoal powder 
20 such as Japanese Bincho charcoal powder, acrylic fibers, animal or plant 
fibers or a mixture of at least two selected from those ingredients. 

ylfprocessing the mixture of the phenol resin, graphite powder and 


carbon fibers in a manner similar to£hat used for making] Example 1, the 
balls for light emitting heater of impermeat^t^ graphite of high density^ 
25 having a reduced number of pores werejjach mad^in the form of a sphere. 

The balls, thus obtained, had excellent characteristics similarjjto 
those of the balls o^ Example 1 as well as an increased strength due to 
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inclusion of the added carbon fibers. ^ftjuf jjtq ^ 

[Preferable quantities of phenol resin, graphite powder and carbon )s 

fibers to be added were 10-60, 30-89 and 1*10 weight parts, respectively. I ^ ^ \ aM 4 ^ - kdt 
The balls for light emitting heater of various characteristics were made in *sj>&* a rjj 

iff v 

the combination of the respective ranges. When the quantity of the 1 

phenol resin exceeds 60^w r eight^art^^roubleJ^such as were described with {Ja^^'H 

reference to Example 1 fcariF occur. When the quantity of the phenol resin oJh^ ^° V 

is less than 10 weigh t/partsf, it was difficult to form a molcftn&fcf phenol . ^Jplt t™> 

d graphite powder as jgunilj. fl [ln order to surely preventing tne caA 

10 above problems irom occurring, the quantity of phenol resin to be added is i^(U ^a^f^ 
more preferably 20-25 weight partsj In terms of heat shock resistance, an <ffa£*<^ / 

added quantity of phenol resin required for hardening the graphite powder ^jnca^cf ^> 


20 


resin anc 


will suffice for making Example 3. Addition of a less quantity of phenol 
resin is more preferable. 


15 When the amount of carbon fiber to be added was less than 1 ^mol^ oc^ 

weight^arft the^ntensityjof the resulting balls was not^o| improved^ Qmc\ 
^hereasjwhe^o^ exceeded 10 weight^ arts| cracks^ere liable tcj occur in 
the resulting balls. /Three-seven weight parts of carbon fiber to be added twl C^^^ 
are more preferable in terms of a tradeoff between the strength of the j^^j^J^ ^aa^°^ 
resulting balls and the degree of difficulty of crack occurrence. ( 

(Example 4) 


^inc^ $ method of making^this example i^similar to that of 
Example X except for the materials used^further description of portions of 
25 the present method similar to those of the method used for making 
Example 1 will be omitted^md only different portions] of the present 
method from those of^he method of makinj^Ex ample 1 ^vill be describe^ 
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Fifty five^eightjjDart^of a phenol resin, 40^weightjpart^of graphite 
powder (including 99.5 % of fixed carbon having an average grain size of 4 
/im), ana Sleigh t^artsj of tungsten powder (having an average grain size 
5 of about 1.0/zm, a bulk specific gravity (no load) of 4.22, and a purity of 99. 
9 % or more) were mixed.^/lnstead of phenol resin, a polydivinyl benzene 
resin may be used, -^he graphite powder may be replaced with carbon 
black powder, coke, charcoal powder such as Japanese Bincho charcoal 
powder, acrylic fibers, animal or plant fibers or a mixture of at least two 

10 selected from those ingredients, \he tungsten powder may be replaced 
with titanium powder (having an average grain size of about 1.0/im, a 
bulk specific gravity (no load) of 1.5-2.0, and a purity of 99.9 % or more) or 
a mixture of tungsten powder and titanium powder. 

^TB^ processing the mixture of phenol resin, graphite powder and 

15 tungsten powder in a manner similar to that used for making Example 1, ^oMm&J 
balls for light emitting heatei^of imp ermeal^tyl graphite of high density 
with. a small number of pores^er^acljp made in tha^ormjof a sphere. 
Unlike Example 1, the balls of the present Example contained tungsten. 
In addition, the filial step of the graphitization included heat treatment of 

20 the half-finished products at about 3000 °C in an inert gas. 

Tungsten was heated at a temperature of about 3000 °C tc^ehange 

tcj ditungsten carbide (W2C, a formula weight of 379.71, a density of 17.2 

tunc & 

g/cm 3 : a Mohs' hardness of 9, an electric resist^bilityj of 8 1 jjl Q/cm (25 °0). 
Titanium was also heated at a temperature of about 3000 °C to^hange tof^j/r? 
25 titanium carbide (TiC, a formula weight of 59.90, a melting point of 3140 
± 90 °C, a boiling point of 4300 °C, a density of 4.94 g/cm 3 , and an electric 
resistjjhilit^ of 193 jul Q/cm (at room temperature)). When W2C was heated 
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at a temperature of not lower than 2400 °C, its crystal form became a 
stable /? type. 

Titanium has a jboihnj^fpoint of 1675 °C, a boiling point of 3262 °C, 
and a density of 4.54 g/cm 3 . When it changed to titanium carbide, its 
5 melting and boiling points greatly increased and its density increased as 
well. Tungsten has melting and boiling points of 3387 and 5962 °C, 
respectively. , 

The balls for light emitting heatei^of impermeal^tjj graphite 

containing at least one of di tungsten carbide and titanium carbide had, in 

10 addition to the above-mentioned features (l)-(6) of Example 1, corrosion 

resistance, mechanical strength (a high hardness, a modulus of elasticity of 

310000-440000 MP a) and heat resistance (to 3000 °C or m or excellent 

compared to the balls of Example 1 which contained none of ditungsten 

balk 

carbide and titanium carbidy. In addition, thq^had a high electric 
15 conductivity (electric resis^ibilit^of not more than 70 ,a Q /cm, (in the 
present example, I0>a Q/cm)), and a high electric discharge efficiency. 

The heat treatment of the half-finished products at about 3000 °C 
in the inert gas produced the following advantage- j^p^ 

(a) after the heat treatment, the balls for light emitting heate^were 'T^f^^ 

20 not required to be subjected to a finishing process or step such as bright ]S f \ L^ 0 ,^ 

fa * ^ A ^h^°^UQof K 

heat treatment fo^polishing the surfaces of the ball^; jo j*> /Lf^f 

(b) the balls, were hardly deformed in usel; and / H)^ -p^r 

(c) the heat treatment caused no pollution to the pubHc. / ' / §^4^ 
^The quantities of phenol resin, graphite powder and tungster? ^^^^^^^r^ 


25 powder to be added are preferably 10-60, 20-89, 1-20 weight parts, J 0^ {L^^ 

respective^ ^When the quantity of phenol resin to be added is out of the ^^1^^^ 
above range, troubles such as were described in Example 3 would occurj' al&d I 

A^ok J^s-s72^ /OpM^r( j g^^jxiMjS t^c>^ fOfMai*^ 
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[When more than 10 weight parts of the tungsten powder is added, the J-i-a^^^f] 

* fiA /A 

quantity of phenol resin to be added is preferably 20-60 weight parts in / 5 ^ ^^fj 

order to mold the mixture of phenol resin, graphite powder and tungsten J° f* ^M*'"!* 

powder as a unit} ^rt^ rjZ^ 

5 When the amount of tungsten powder to be added was less than 1 2 V r J^" 

weight part, the mechanical properties, corrosion resistance and heat 

resistance were not substantially improved. When it exceeded 20 weight 

parts, the mechanical properties conversely deteriorated to thereby cause 

cracks in the resulting balls or reduce the process ability of the balls. In 

10 order to improve the mechanical properties, corrosion resistance and heat 
resistance sufficiently, and to|surelyjprevent the occurrence of the cracks in 
the balls and the problem 5 of^alljprocessabihty, the amount of tungsten , ^ 

powder^to be addecj is preferably 5- lO^weighthoarts/. * Lj^ U^' 

[The problems of cracks in the balls and of the ball processability +L^"? SL "Lds^ 

15 are liable to occur when the balls are each made of two hemispheres joined jj^J ; 

as a unit whereas when they are each molded in the form of a sphere from p A ^i IA M 
the bennning. the problems are difficult to occur! /fhus, if the balls for i*"*** 

^ a, M 

light emitting heater each having holes and concavities are molded from Jlv^ 0 y 

their materials and tungsten powder is then injected into the holes and ifc ^L' -fa 

M% I^J J 

20 concavities, there is little probability that the above problems will occur pjb** f J«a °^ 
even if the quantity of tungsten powder to be added exceeds 10 weight ff*f ^ J ^ 
parts. Thus, if the quantity of tungsten powder to be added is between 10 'f^. a^-^t , . 
and 20 weight parts, the above-mentioned method is preferably employed.! < lX jb^f MiJ \ -^fr 


25 (Example 5) 

In this Example, a quantity of graphite powder used is larger than 
that of phenol resin. This Example is|exactlyjthe same as Example 1 
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except for the ingredients to be used. Thus, further description of the 
identical portions of Examples 1 and 5 wall be omitted and only different 
portions of Example 5 from Example 1 wall be describe d-|fextj. 

Twenty^weight^art^of/phenol resin, 70 weight ^arts off graphite 
5 powder (including 99.5 % of fixed carbon having an average grain size of 4 
//m), and lO^weightJparts ofj tungsten powder (having an average grain 
size of about 1.0 /im, and a purity of 99. 9 % or more) were mixed. (Instead 

4(^A,<xBs^t^ii^ fkpkcd fifties f$&kd?A0st A 

phenol resinl a poly di vinyl benzene resin may be used. /The graphite 

powder may be replaced with carbon black powder, coke, charcoal powder 

10 such as Japanese Bincho charcoal powder, acrylic fibers, animal or plant , . 

fibers or a mixture of at least two selected from those ingredients, "the 

tungsten powder may be replaced with titanium powder or a mixture of 

tungsten powder and titanium powder. 

By processing the mixture of phenol resin, graphite powder and 

15 tungsten powder in a manner similar to that used for making Example 4, 

balls for light emitting heatef of impermealj^it^ graphite of high density 

with a small number of pores were^acl^made in the form of a sphere. 

The balls, thus obtained, had excellent characteristics similar to 

those of the balls of Example 4, and^a specific gravity of 1.5-1.8. It is to be 

20 noted that when tungsten powder having a specific gravity of 9.0 g/cm 3 

(pressed under a pressure of 98 MP a) was used, the balls had a specific 

gravity of 2.66-2.7. In order to apply pressure to the balls to increase their 

densit^ojthereby ther^, tungsten powder having a 


25 


specific gravity of 9.0 g/cm 3 is preferably used. 
(Example 6) 

This Example is^exactl^the same as Example 1 except for the 
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ingredients to be used. Thus, further description of the identical portions 
of Examples 1 and 6 will be omitted and only different portions of Example 
6 from Example 1 will be described next. . , 

Twenty^weignt[gart||o^phenol resin, 10-20^eight{j)arts ofj 
5 zirconium powder, and 60-70^weignt^arts ofjgraphite powder (including 
99.5 % of fixed carbon having an average grain size of 4jmm) were mixed. 
itnstead of plienol resin, a polydivinyl benzene resin may be used. ^The 
graphite powder may be replaced with carbon black powder, coke, charcoal 
powder such as Japanese Bincho charcoal powder, acrylic fibers, animal or 

10 plant fibers or a mixture of at least two selected from those ingredients. 

A mixture of phenol resin, graphite powder and carbon^fibers was 
then heated to 250-300 °C to cure the phenol resin, and burr^|in the HIP 
at 1900 °C (higher than the melting point of 1857 °C of zirconium) toM&rf 
gause it^ carbon and zirconium^to react with each othei] to form zirconium 

15 carbide (ZrC) (having a melting point of 3540 °C, a boiling point of 5100 °C 
and a Mobs' hardness of not lower than 8) of a high density with a small 
number of pores. It w 7 as then further burn^jat 3000^ °C in the HIP to 
produce balls for fight emitting heater of impermeability graphite/each(in 
the form) of a sphere. /Since zirconium had a melting point of 1857 °C, the 

20 mixture was burnt in the HIP at 1900 °C higher than the melting point of 

zirconium^ When another metal is used instead of zirconium, it is^caused] L> G fe° 
to react with^arbidgto forrnjnetal carbide. Thus, the&alf-fimshe^^^'y f f r 
products are preferably burnifin the HIP at a temperature of not lower 
than the melting point of the metal. 

25 The balls, thus obtained, had excellent characteristics similar to 

those of the balls of Example 1 as well as excellent heat resistance due to 
addition of the zirconium powder. 
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When the amount of zirconium powder to be added is less than 10 pfMn^ 

weight^parti^ greatjimprovements in the heat resistance of the baUs/cannot 
be expected|where^^ 7 hen it exceeds 20 weight^artsj cracks are liable to 
occur in the balls as in Examples 4 and 5. 

/Hat Ojv^ 

5 The zirconium powder may be replaced with niobium (Nb) or boron 

(B) powder or a mixture of at least two of those three materials. In 
addition, I0*20^weight£partsjof at least one of tungsten and titanium 
powder may be added. A total quantity of thjase metal ingredients should 
not exceed 40 A weight£arts( Forty ^eight[p arts/or more ot graphite 

10 (carbon black) powder and about 20 / weight/partgf of phenol resin as a 
binder are preferably added. 

When zirconium and niobium powder were together us^ed, they 
reacted at high temperatures to produce a produc^f^uperconducthaty. 
Niobium reacted with graphite (carbon black) powder to become niobium 

15 carbide which served to improve the heat resistance, hardness and electrical 
conductivity of the resulting balls forjight emitting heaterf 

While in the Examples described above the materials were 
illustrated as being heated in a mold and pressed into spheres, they may be 
heated in a capsule and pressed into a rod, which may then be cut away 

20 an djthen| ground into spheres. Infthatjcase, the capsule which contains 
the materials is evacuated and heated to cure the phenol resin. The 
temperature is then increased to 1900 °C or more to burn the capsule 

j 

under a pressure of 49-294 MPa in the HIP, and further burnjtjat 3000 °C 

in the HIP. . . . 0 J 'A A .*x>^ ls '' J . - 

25 Even before^ burning at 3000 °C ; the^rodjjncludesja carbon material 

of a very high density. Thus,£f thisjrod$s^c£ft away and then ground into 
spheres^" those spheres arejsuitable for use as the balls for light emitting 


heater with ^small number of porej. 

Although in the case of the method of using the mold, two different 
steps which include molding the material into spheres and burning the 
material in the HIP are required to be performed. The method of using 
5 such capsule is only required to perform the HIP burning step, 
economically. 

The material of the capsule is not especially limited as long as it 
does not react with the materials of the balls for light emitting heater^at 
high temperature. Usually, stainless steel, aluminum and iron areJnamedJ ^ fa ^ r "W 
10 ^asjthe capsule material. 

(Example 7) 

An example of making balls for light emitting heater? using as a 
binder pitch (peteroleum, coal tar or pine pitch), will be explained next. 

15 Graphite powder (which may be replaced with carbon black 

powder), pitch, metal powder, and a smal|estj amount of solvent were mixed 
and then charged into a columirtype capsule of stainless steel, aluminum 
or iron up to about 80 vol % of the capsule capacity. The capsule was theru,.^^ 
evacuated to a vacuum state and then burn|jat 1000 D C tf |and furthe^urr^i^ 

20 at 1900 °C or more at a pressure of from 49 to 294 MPa for carbonizing 

purposes. It was then graphitized at 3000 °C, and then processed into the 

balls for light emitting heater of imp ermeal^lityj graphite of a high density 

with avfemall number of pores? 

The quantity of graphite powder used was not less than 40 weight 

or* s is 

25 j5ar{?. The metal powder is at least one selected from the group^of / / 

tungsten, titanium, zirconium, niobium/anc|boron powder Jin d its total] 
' amount added was 10-20^weight^parts( 


G5 - • 

Even before^burniiig^at 3000 j^the^od£nclu desk carbon material 
of a very high density. Thus 5 M thisjrod^cui away and then ground into 


spheresfthose spheres arejsuitable for use as the balls for light emitting 
heated with ^<gpiall number of porej^ 


(Example 8) 

In the Examples 1*6 the pressurizing and burning steps were 
illustrated as being performed^! thejinert gas. If nitrogen gas is used as 
the inert gas, the added metal ingredients are A nitrideff Thus, the 


10 strength, hardness and discharge resistance of the balls for light emitting 
heate/are increased. 

Similar effects were also obtained by again burning the balls for 
light emitting heater made in each of Examples 1-7 in a nitrogen gas 
atmosphere at 1900-2000 °C. 

15 


A 
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ABSTRACT 

Ajn inventivejthermal decomposition apparatus for wastes 
comprises- a heating chamber^fpr heating the waste^; an inlet portjjfor 
introducing the wastes into heating chambeoj; at least one pair of electrodes 
5 provided within the heating chamber; a plurality of balls each taking the 
^formjof a sphere whos^^ain^ingredient is carbon, provided between the at 
least one pair of electrodes so as to produce an electric discharge when a 
voltage is applied across the at least one pair of electrodes; an outlet port 
for dischargia^out ofjthe^h eating chamberjgases into which the wastes are 
10 thermally decomposed ; oxyger^les^or vacuum gtat^ forming meanslor 
evacuating means^fcr placing the heating chamber in an oxygenless or 
vacuum state such that the balls are placed in an oxygenless stat^. 

According to the present invention, an inexpensive thermal 
decomposition apparatus for wastes is provided which thermally 
15 decomposes almost all wastes at a high temperature of not lower than 
about 3000 °C without producing^nyjliarmful substances such as soot> 
dust, chlorine compounds^uch as hydrogen chloride^, nitrogen compounds 
^/such as NO^ 


''such as NOxf and/or dioxin. 


